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im ?.ODUCTio ?r 

Ergot of certain grains ard grasses and tJie causal organisms have 
"boon, for many generations, the subject of extensive and c^Jt^efully conducted 
investigations and yet there remain phases of the problem not ^^^11 under- 
stood -diich need further attentic^ by the nycologist and plant pathologist. 

This paper is the result of a study of the literature on tiie genus 
Claviceps and has for its object the sunnBrizing of the results of investi- 
gations and observations on the subject to date. 

In the bibliography are included only works having some distinct 
bearing upon the problem* In some cases tlie original papers were not ac- 
cessible. Then use ^ivas made of abstracts. In very few cases neither 
originals nor abstracts could be secured. Citations to such \iorks, hovT- 
ovor, because of their possible importance, have also been included in the 
bibliography. 
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GS NEBAI CONSIIFHATIOH OP THE DlSSft.^ 

Ergot is a disease of grains and grasses caused lay several species 
of fungi belonging to the genus Claviceps- The nx)st comtron, the earliest 
kna.m, and the "best -understood species of the genus is C* TX irpure a Tul, Con- 
cerning this species -we possess an extensive literature, x^iereas concerning 
the others \/e have but short and rather inadequate taxonimic descriptions. It 
may be said that practically the entire literature on ergot deals \7ith C. par- 
jgnjrea. • Because of this, some chapters in this paper, especially the first 
five, apply alirost, if not entirely, to this species, there being in the majo- 
rity of cases, no information concerning the other species on the points con- 
sidered. It is, hOT;ever, supposed that vjhat is written of C. iJurourea is true 
in a general ^my also of the other species of the sasoe genus, although here 
too there is, in the majority of cases, still no supporting experinsntal evi- 
dence. 

COmiON HAMBS 

The name "ergot'* is the tenn coranonly used for the disease in this 
country, although in sore sections of the country and also in some textbooks 
it is spoken of and described as spurred rye, "spur" being a translation of 
the French "ergot", meaning rooster's or cock's spur, vtoich name was early ap- 
plied to the disease by French writers. In England it is loxown as cockspur, 
black grain of corn, and ergot; in France, as "1' ergot du siegle", "siegle 
comu', and "siegle ergot^"; in Germany, most coTnix>nly as MUtterkom", but 
also as "Komzapfen","Hungerkom' , "Roggenmutter" , "Itertinskom" , "Afterkoni", 
"Hahnspom", "Todtenlcopf " , and "Gerstenmatter"; in Italy, as "sporon di gallo", 
»»ohiodo segalino", "girano sprone", etc.; and in Russia, as "spomija". 

DESCRIPTION 

All Claviceps species attack only the heads of the grain or grasa, 
or rather only single flov;ers scattered here and there in the head. The em- 
bryos of the f lowers are first infected and may be practically destroyed before 
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there are any visible signs of psirasitic growth. Externally, such f louvers of 
the host, as for instance of e. voting rye pl^^t. froti \^.icdi Ir-ter sclerotia de- 
velop insteaxL of seeds, often Iiave the appearance of the healtl^ and normal 
ones. Its normal tissues, however, r^ay have already been replaced by a fine, 
-f'ello^dsh-v/iiite fmjgous growth* The exterior of thi's growth, visible \^en the 
fleer is opened caiefully, is divided by sinuous furrows into Kore or less 
uniform sections* /s the fungus develops furtlier^ finally occupying pra,ctical- 
ly the 'hole interior of tlie grain, there also appes.rs a slinry, insipid, sweet- 
ish, soL-ev^/iat cloudy liquid, which is probably a secretion pioduct of the nyce- 
lia. In this liqxiid are set free the fungal conidia, giving it the cloudy ap- 
p3£ir-?x.ce* This liquid soaks through the glunies of the flo\/er and collects in 
drops on them or at their bases. It is called 'Oioney dew*, and the stage of 
the fungous development at which dev; is secreted is called the sphacelial" 
st.?ge, •'Sphc'.celia ' being the generic r-ame of the conidial stage of Claviceps. 
The rMnount of ••dov/" and the length of time during which it is secreted depend 
upon t:.ie rcpic.ity ?-y'C. v,: ourt of fungous growth. 

While the -honoy dew* cdntir.uos to be secreted in drops, the nycelia 
?.t the jr,se of the invaded embryo send out considerably tliicker branches. 
rhese Uj^itG fron "belov/ up'/ards into a uniformly thiclc, hard body on the exter- 
ior of Jiiich the fungous thi-aads build a dense layer, reddish to violet in 
color. The body thus fcriiied is the young sclerotium on \/Iiose apex the fungous 
threads continue to grow ui:i.iformly. Lr?,ter tliese tln:e^-ds dry out, foiming \*.?/l: 
is C'?J.led the -c-ap' usually found on the apex of the ripe sclerotimi. These 
ergot kernels o: sclerotia are scattered throiighout the head, Kore conmonly at 
t'le iov^er or middle part, and are coniuionly long, e:c tended, somewhat cm*ved, 
loi\;.itudinally furrowed, cylindxic bodies. On. the outside they are grayish- 
violet, sora9tir:es also with a dusty jppaarance due to a coating of waxy scales. 



GEOGRA.PHICAL DISTHIBUTIOF 

aneral \/itli tti^^'^li s^ri^tioc^ of 
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the hosts on ^Ajiich it occurs, especially v/ith th?-t of rye. The disease has 
been reported from North and South America, Europe, Asia, Australia and Africa 
In North America it lias been found in Vermont, Connecticut, New York, Michigan 
Indiana, Tennessee, ./isconsin, Minnesota, love, Kansas, V^oming, Montana, and 
other states, besides various places in Canada. It has been located in parts 
of South Amsrica. In Great Britain it has been found in Ezigland and Ireland. 

It has been reported from Belgium, Holland, Denmark, Norway, Sweden and Finland, 

and 
and from vaTious parts of Germany, Austria, Hungary 7 France, vahere it is conmon 

in the districts of the Mame and Cologne. In Switzerland it has been obser- 
ved in .lldeswil, Meiringen and RUtti. In Italy, ergot has been reported from 
Tometti, Avcllino and Pavla« It has been stated also that its occurrence is 
coxnnon throughout the Balkan peninsula, but it has been reported only from 
Sorvia and north and south Bulgaria* It is very conmon in European Russia 
throughout tho northern, eastern and middle parts, and in Caucasus r^.rA Trans- 
Caucasus* It is very abundant in Siberia, vAiere two of the most important 
ergot trading centers are located - Tomsk and Omsk. It is reported also from 
other parts of Asia, from Australia, from Auckland (New Zealand) and also from 
Elsenburg, Cfipe Colony (Africa) . 

Ergot is as conmon in the elevated and mountainous regioos as it is 
in tho plains. Anderson (5) found C. mirnurea every)?*iere in Montana, as con>- 
ron at 8000 feet as at 3000 feet, the average altitude of Montana* s plains. 
Ktihn (I45y found ergot in abuxidtoce on A/^rostis vulgaris and Nardus setricta in 

;^iarischen Gosenke" at an altitude of over 4000 feet. Voglino noted that the 
attack of orgot was more severe in the coxantainous part of Italy. Cockerell 
(43) found C,. -purT^urea as high as 8400 feet, but rather locally distributed. 
Frank (70; states that ergot in the mountains up to the upper limit of cereal 
cultivation, ans is hero often as common as it is in the lower regions. 



(1) Referenco is made by number to "Bibliography'. 
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lAierssen {164j found ergot in tte high mountains as weXl a« in the plains, 
StSger secured ergot on several plants from the peak of Herbabu (3119 in.}, 
Java. 

ECONoiaC MPQRLMKIE 

Ergot is an ii»portant disease on rye and sorb of the grasses, but 
relatively unimportant on wheats barley and oats* It is important from two 
different standpoints: first, because it decreases the yield and quality of th. 
grain and hay; second^ because infected grains and h^y rjte injurious to stobk 
xibBTi fed. 

In general the decrease in yield and quality of grain due to the 
various species of Claviceps, especially £• ^aJESSESa* varies with season rnd 
locality* Grains, especially rye, in some seasons and in some fields are in- 
fected so heavily that nearly every head t-ay have one or more solerotia, as 
\/as reported from V/isconsin in 1917 (196). Cases vAiere from 20 to 50 per cent 
of the heads v/ere infected with ergot have been reported from various parts of 
the Ihiited States and f rom Tihirope • During the v;et season of 1894 it occurred 
to a greater extent in Gern^my, the loss on rye being estimated at 1«6 per cent 
of the average yield, in contrast v/ith the average annual loss of 0*3 per cent. 
The amount of ergot for 1917 in Connecticut ranged from one to five per cent. 
Decrease of the yield by as high as 20 per cont has been reported from Russia 
(120). 

The injury to grasses appears to bo greater thstn to grains. Heals 
and Peters (93) report that hay --hich consists largely of Agrorvron occident;alt 
and rye grass of different species, msy contain as high as five or si:: per cen^ 
of ergot by weight. Single heads of these grasses may produce from one to 
forty ergot kernels. Rostrup (224) found sclerotia of C. mlcroe^phala on 
Phjragmites coroxini^s so abtmdant that all oxaminod infloresences had many hun* 
dieds of them. On on.e single penicle Rostrup (223) counted 912 solerotia.j 
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He foinx?. also tlxit a sainpla of Festuca had 2700, one of ^oa 5600, one of Holcu 
500 and tr.^o seed sarples of A^iostis alba had 2500 and 2700 sclerotia per 
pound respectively. l"ot a fev/ c::,sos liavo occurred {79j, especially in Irelar 
?jnd the United States, .-here h^.y \-as found to contain one eighth of its weight 
of ergot* CoclKiyne (42; did not find one out of over 100 saiTples of rye gras 
in 2i^j.mv-atu district, Few Zealard, -/hich \?as free from ergot. Host of then 
load not moxe tli?>n 2 per cent bv 'eight, hut sr.Kxples contairdrg ^s xraich as 30 
per cert liave heen seen "by him. It is heavier than the rye grass seed and so 
n>?.lces the pr-.ice of t>e seed hii^ier* 

G:ho lozz to the famsei c'.ue to f eedir^ grains ar.d hc'y contr.ining ergot 
may also beconie considerahlc urder certain conditions^ Verv little is laiov;n, 
ha "ever, coj^cemir^* the isiict loss ii:*. stock fed on ergotized hay aiid grains. 
One case is iepoxted in. 7nG'land where a Shropsliire breeder lost L1200 in three 
ye^-rs because of tlie prevalence of ergot in his fields. During the -vinter of 
1901 fee loss Or live stock from eating ergoti^ed grain "v/PvS very great in nany 
counties in Hebrasic-?.. losses of cattle and horses in small ntunbers due to 
eating of ergotized liay or grain have been reported f ron various parts of this 
and other coun. tries. 

HISTORY 

ZSigot is ono of tlie oldest lmo\yn plant diseases. Its early history 
is conr-.acted v/ith cpidcKdcs ar:org boti: people and aniiijals. As early as 
C^.esar's anxL Galen's"^ tiiiie v/e find records of sucli epideuiics of hurran disea.se 
-.''lich -'ero .attributed to poisonous irrpurrities of. grains. Kn.o^^ng novf tJiat 
crr^iot possOiGSs voiy i.arlied to::ic piopeities, "^ are le^-d to tliinlc th:\t suda 
iLv^uiitios '-oxe due, at least ir- p?.rt, to the presence of ergot. /iso it 
saeris proVble that the Bpidemcs recorded during the aiiddie ages as ^'Ignis 
soxer- /eic .t l^ast partly due to poisoning abused bv eating ergotized food. 



(iy C-.l:r, Oi-c-ius, Creek pii^ysician and nx^dical ^•/riter* A. D. ISOjrSOO ? t 
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Althou^ the tarue nature of ergot was not known ty early writers, 
its occnrronce azid use as a drtig is mentioned Dy many of them* Lonicer, 
about the middle of the sixteenth century, mentions its specific use; Thalius 
applied the name of <*ad sistendum sangiuneum'' ; Bauhin used the name of Secale 
lurarians : DeCandolle calle it Sclerotium clavus > Plenk (1795) noted ergot 
on rye ar.d several grasses and described it as -a degenerated kernel. This 
conception of ergot v/as prevalent for seize time and vas supported stronglj^ 
even up to ihe middle of tlie nineteenth century by P6e and PhObus (195). They 
first held that the orgot sclerotium does not have any spores or asci, but con 
tains abnornE-lly developed starch grains aj?d that its external covering con- 
sists of the integument of the rye kernel. PhObus, on the contrary, consider 
ed the contents of the sclerotium asnndff ied albumen, the outer layer being 
the 'shell'* of tho kernel. Others, as Bemhard, Willdenow, and Link, express- 
c4 similar interpretations • Bose, Hosier, aaad DeBoioare (161) attributed er- 
got to a superabundance of nutritive material* Geoff ray and Dejussieu regard- 
ed it as "a result of lack of equilibrium in the processes of fertilization.'* 
According to Fries' first conception, the sclerotia on the plant tissue corres- 
pond to tlie "indulations- on the ?-nimal tissue. To Easpoil .(206) ergot is the 
product of the presence of a "vibrion*'^* /.ccording to Karl Miller (131) ergot 
is tlio patholo^jically modified kernel, which modification is brought about by 
the f,5.ilure of the flower to become fertilized. Schleiden (129) considered 
the formation of ergot sclerotia as an abnormality in cell structure brought 
Voout "by ii proper nutrition. It \^s thought also that ergot v/as formed as a 
result of vx)ur.dir>g of tlie plant heads or tlie young fruit through the sting of 
coi'tJ.in tlii'ipG (89; or the biting of a beetle, Rliagonvcha melanura Fabr., 
'<&Licli is v..ry con on in the field at the time of wheat blossoming (4) • 
Str.rdinGcr (258; considered it as a'3?roduct oiner vddematttr lichen GHhrung ir 
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feuchter witteruzig." Beuer (15) thou^t that the ergot sclerotium vi^as msrely 
a monstrosity or transforaation of the anbryo of the "gernBiis- of rye and those 
gramineous plants vshich are subject to the disease. Concerning the cause of 
it he is not certain, Imt h»3 considers tliat it is neither due to the rainy and 
T/et seasons nor to insect attacks but that it nay be induced by certain condi- 
tions of the soil, Tries in his later v/ork described in 1829 the sclerotium of 
ergot as a fungus under the naroe of Spenaoedia davus . but he still believed 
th^,t tlie whole sclerotiuzn was a diseased grass seed and again expressed this 
opinion in his publication of 1849 {74). 

Mveillg (154 J, in 1820, noticed th^t t!ie ergot coianenced v/ith honey 
dev/ secretions, and considering' this stage to be a distinct fungus parasitizing 
the ergot sclerotium, he proposed fox it the r.^iiie of Sphacelia segetuin Since 
his tin^e nzny others, Fliilidor, Qu^Slcett, and J. Smith, have vainly atteiiDted to 
esi^lain the question of ergot foriijation* 

J^ Smith (236y considered ergot to be e. ^^constitutional disease of 
the plant, brought about by tlio reproductive bodies of the fungus (conidia 
found in the -honey dew'*) being absorbed during garcrdlnation,' and carriec?. up by 
tlie fluids of the plant and beconiing developed in the fructification even bo- 
for:o tiae opening of the floral srvolopes, but -.^icthcr the ove-rium is inxcctod 
\/ith tlie disease at chis time or T>Iicther tt is coirtiunicated to it dirii:^ inpreg- 
nation from the already diseased anther, is a question still to be seen«=' 

In 1842, in his M^LK>ire sur la genre Sclorotium {156j, Mveill^, to 
wlionne erne the first infornution regc.rding the true /.^£=,ture of ergot, again ex- 
pressed tho opinion that ergot r^s^s a laonstrosity of grass seedo ',hile Wveillc, 
whose v;ork has been duplicated -vithout exception, ci:^:pl£i.in3d the nature of the 
sclerotia of other plants, he still considered the ergot sclerotium of the grai: . 
apd grasses (no\/ called Scle rotiuiii clar^is by DeCandolle) as a degenerated kerno.'. 
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which hartors the vAite fucngus or **honey dew societing ftmgus previously de- 
. scribed by him vmder the name S phacelia se^eturju Mv* 

The step tov^ard the establishing; of the relation between the white , 
fungous growth on the rye spikelets and the later appearance of the violet er- 
got, was nade without Wveill^'s Imov/ledge one year before this. Meyen (175) 
published in 1841 his observations on ergot and proved that ergot developed 
from the fungus SiJiacelia s e^etuni> Meyen considered the Sphacelia as the 
nycelium of tlie ergot sclerotia. Corda (46> , on the other hand, thought thr-t 
the Spl'^celia -10.3 the product of the sclerotia. He described in detail the 
jnorphology of ergot sclerotia and speakirig of the outer dark covering of the 
sclerotiura ho says, '^on the exterior of this layer is resting the spore formir^ 
layer of tlie funguis. Kiis consists of fibrous, siiirple, one-celled non-sep- 
ta ted basidial cells of v^ite color on -i^.ose ends are borne the spores •- 
Fries noticed the germinating ergot sclerotia and. tho formation of stron^ita 
v/itli pcrithecia, but thouglit it v;as an independent fun£!us ard called it 
S-p2iaeria T3urpurea > 

Durion (ZSOj first showed that when ascosporos from the stroma ta fall 
on he':ids of ceroal plants ergot resulted. '.hile this vjas a considerable step 
tov/ards the solution of this problem, one more important question remained to 
be ans^.vered, i.e., viaat becomes of tlie scleiotia which we ca,ll ergot? This 
question .vas solved by Tulasne in 1852 who planted n. great number of ergot 
sclerotia in flov/er pots. He saw, as had others before him, a fungus appear- 
ing on these sclerotia in the form of stroma ta^ The value of Tulasne 's contri- 
bution consists in shovring th^^t the purple stron^ata (Clavice-ps pur-purea Tul.; 
do not appear accidentally on the sclerotium of ergot as had been thought by 
previous 'vorkers, but are a direct fruiting form oi the same; that the ergot 
sclerotia au merely the hibernation or resting stages of the soone fungus. 
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Tfldiich fiTially appears in the foiro of a vfhite Byoelial growth and known under 
the name, Sthacelia segetum Wv* The latter, in order to hibernate, passes 
into the hard sclerotia form, which in tiam develops into a lyrenonycete^ 
Following this classical piece of work K&n came out with his works on this 
flrahject in which he repeated Tulasne's work and fully completed the life 
history of Claviceps species known at that time» Since Ktthn»s time till very 
recently the tochnical vfork. on ergot has "been of comparatively minor importance 
The recent work of StSger, however on pathogenicity and race specializa.tion of 
C > porparea^ and other species of tlie genus, has yielded contributions of 
iinportance# 

CIAVICEPS HJBHIEEA ' ^ 

Hosts 

In the list of hosts of C^* -purpuroa ^ tho most coinnon and widely dis- 

triljuted species of Claviceps and one v/itli a very wide host range, are include^'. 

those plants on \Thich some kind of ergot has "been found, but for vftiich there 

is no esiperimental evidence to shorr tho relation between the ergot occurring 

on thorn and £• -pur-purca . In cases Vvihoro this species has been established 

as the caus^.l org?-nism by inoculation Qxporirocnts, tho host nam© is marked by 

an asterisk* 

GERMINE^ 

Tribe Andropogoneae 

Andropogon ischaemum*'' 145 

•• sorghum var» heuiba hemba 159 

Tribe Bsniceae 

panicum miliaceun 145 

Cesati, Rabenhorst, herb« hqtcoI* Ed« II« Gent* I, no« 36« 
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10 
PeimiaetiiBi splcatum ? 


143 


Tribe Oryseaa 




Oryza sativa 


237 


Tribe Rialarideae 




Jnthoxanthum odoratum 


279 


♦Hierochloa borealis 


54 


*• odoarata 


256 


*Pialari8 arundinacea 


299 


" oanariensls 


197 


Tribe Agrostideae 




A^rostis vulgaris 


145 


Alopecuzois agrestis 


279 


•» geniculatus 


145 


• 
• •' pratensis 


54 


Amnof^la arenaria 


279 


*Calaiaagrostl8 arundinacea 


246 


'* canadensis 


298 


" confinis 


298 


" epigelov 


35 


" javanlca 


255 


" neglecta 


35 


"Millitun ef fusom 


248 


PhletUD pratense 


145 



-'-ZiBsnemazm (143) foond ergot sclerotia on the heads of this 
plant and thinks that they probably belong to the genus Clavioeps* 
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Tribe Aveneae 




Aira coespitosa 


299 


'» flexuosa 


299 


ArrhenathertUD avenacetun 


299 


* •• elatius 




Avena elatioB 


197 


" pratensis 


54 


" sativa 


279 


Do schanpsia flexuosa 


255 


Holcus lanatus 


299 


* " molle 


299 


Oats 




Tribe Festuceae 




Artmdo arcnaria 


SB 


'* calamagrostis 


145 


Atropis di stars 


116 


•Bracihypoditua pirmatura 


7» 


* " sjlvaticum 


279 


■oBrlza roedia 


246 


*B onus erectus 


248 


»' inemds 


145 


" mollis 


145 


" prateinsis 




" secalinus 


54 


* " sterilis 


246 


Catabrosa aquatioa 


54 


*Dactyli8 gloinsrata 


2279 



13 



C rrathcrs, '7. In Jour. R. A r. Soc. 10, pt. 11, 1874 C"r\r\n\i> 
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Tribe 



Fostuca arundinacea 


25 


" avesa 


35 


" iJlatior 


299 


" gigantea 


145 


" nutigen 


255 


" pratensis 


299 


" rubra 


35 


" '• var* lanuginosa 


35 


Glyceria fluitans 


.197 


" nervata 


172 


" spectaMlis 


145 


Koeleria cristata 


5 


" glauca 

• 


35 


Melica ciliata 


255 


" imiflora 


252 


♦Poa alpina 


245 


** aquatlca 


279 


" oaesia 


246 


* •• corapressa 


54 


* " conciima 


246 


* " hytrida 


246 


* •' pratensis 


296 


♦ " sudetica 


70 


* " trivialis 


246 


WS9 


14 


" devergens 


6 
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Agropyron glaacum 


297 




•' occidentale 


93 




'^ " X. A* repens. 


190 




»t repens 


197 




" Smithii 


190 




" spicatuxn 


bl89 




•t tenerum 


298 




** TiolaoeoB 


6 


Asprella hystrix 


189 


BlyxniB arenarius 


145 


H 


'* X TritiooiD Jtmceam 


113 


It 


cadensls 


22 


tt 


condensation 


36 


II 
II 


giganteus 

1 
robustus 


237 


tl 


stria tus 


189 


II 


virgin! cus 


189 


Ho^deton bultosum 


35 


It 


distichton 


299 


tl 


jubatuia 


189 


« It 


nurixxion 


37 


ft 


nvidrnti 


14 


It 


valgare 


35 


tl 


** tetrastlGhom 


25 



Hs.lsted, la* Agr. Col., Dept. of Bot. Bui, 19, 1886 
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*Lolitiin italicuin 


* If 


perenne 


« It 


regidton 


« II 


temilentuxn 


♦Secale 


cereale 


II 


montanam 


Triticum conintm 


ti 


durum 


II 


hibeml 


II 


jvnoevaxi 




rcpens 




sativum 




3^ 
epelta 




turgidum 




vulgare 




Unclassified 


Ataxia Horsfieldii 


Baldir 


L^era arundinacea 


Linnochloa BaeotHryon 


Schenodorxis inernds 




CXFJiKAOF.AE 


Carex 


species 


It 


2 
stellulata angustata 



^ 15 

279 
279 
248 
197 
197 

35 

14 
145 
279 
113 
2Z9 
299 
145 
145 
279 



255 

144 

145 

55 

145 
82 



^In seed saaiple 

^It is not known whether this is a. true Claviceps as the attenrpts to germinate 
tlie sclerotia failed. 
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Cyperas si>ecles 1*5 

HeleocAaris milticatais 145 

" (Solrp) palustris 145 

" Tmigltnnis 146 

Scirpus nifus 145 

TaaionoTOy 
Sclerotial Stage 
Altho\agh the true nature of ergot was not knoim "by early writers 
ergot is aaentioned by many of them as is shown in the preceding history. 
Lonicer (1565) mentions it tmder the name of Clavis Siliginis and 
speaks of its use* Thalius (1588) referred to it as "ad sistendxan 
sanfuinexmi*' and gave it a place in his "book under the name of Secalis 
mater # Bauhin (1625), vdio cites the first tw) authors, called it Seoale 
luxurians . 

Manchhauses (1765), the first to consiiier ergot a ftmgas, called 
ergot sclirotia Clavaria solida , Baldinger (1771 gave it the name Secale 
dorutum. Schrank (17891 called it Clavaria clavus . Tode(1790) placed 
ergot in a special genxis which he called Sclerotium# Paulet (1793) 
described ergot as Clavaria secalina . DeCandolle (1815) applied to it the 
name Sclerotiuro clavu3> 
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Asclgeroas Stage 
The asclgerous stage of ergot, or£. varvarea. ggul> ^sas first de- 
scribed l)y Paulet (1793) tmder the bsudb Srhaeromi s fungorxan, and then by 
Pries (1832) under the mm Sphaeria mirt^urea ^ Schunacher (1823) called 
the same Snhaeria entopDrhiza and 5.. capitata ^ milroth (1844) described 
it as gentro8tX)riuffi TOirtiurea dn K. mitratum . These two correspond to the 
two Sphaeria species of Schunadher. Fries later (1846) applied the name 
pordvcens >urrfiirea > Tulasne (1851) called it Cordilicens Tatimorea and 
finally ( 1853 Claviceps -panxirea ^ 

^ Conidial State 

Pries (1822) first described the conidial stage of ergot under, 
the name ^peraoedia cla^vus . Leveille (154) in 1826 noticed that the ergot 
comnenced with this soft covering (the tfphacelia stage) and considering 
it to be a distinct fungus parasitic on the ergot^ and ixroposed for it the 
name Sijhaoelia segetum» Nees applied to it the nams Pasariton heterosporom 
(Sacc. Syll« Pungorum, no. 2» p« 565. John Smith(236) and Qoacilcett in 
1641, published a description of the structure of the fungus in this 
sphacelial condition^ as far as they were able to observe it. They thoog^t 
it was an amorphous mass of small spherical cells, with a number of larger 



Spacelia is a word derived from the Greek and meaning gangrene; the same 

word in a secondary sense means mildew« Ve have the English woric Sphacelate, 
which means to become affected with gangrene. 
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binucleate obltog cells scattered among tlieiD^ It \;as supposed to be the 
imnedlate cause of ergot and Quedcett gave to it the name Ergotetla 
abortifaciens, \iftiile Berkley and Broome (2«) believed it to be a true 
Oidium and removed it to that genus under the name Q. abortifaciens . 

Ergot on account of the nature fif its deyelopnent, has been 
placed in at least three different families^ First it appears as a 
hyphonycote in the form of Siahacelia segetum ftov«^ then the real ergot is 
pit>daced v/hich is Imown under the name of Sclerotium clavus !)• C, • • .^• 
This develops finally into an ascigerous state, Claviceps Tul., which 
belongs to the Pyrenoroycetes. The fungus passes, therefore, during its 
life history through tho tjrpes of not less than three fanilies, according 
to the old classification of fungi. 

^orpholosy 
Sclerotium 

Upon examination of a head of ergoti2sed rye v/e find one or more 
of the rye kernels replaced by blacfcish horn-like bodies. Upon removing 
one of these it may be noted that its production has not materially injured 
the spike and that its gro\7th has been donfined to the flower from which 
it was taken. These orgot sclerotia, especially when small in size, resenble 
in form the kernels of the host on vjhich they are found, except that thqy are 
more or less irregular. They are long, twice or tSiree times as long and 
stout as the normal seed, extended, usually curved, some^at angular, 
longitudinally corrugated, minutely granular and often slightly split both 
transversely and longitudihally, tho cracks sbnattnee showing a reddisk 
nargin, and exposing the whitish interior substance of the sclerotium* 
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Externally^ the ergot sclerotia are graylaih-violet, somtixaes dark or li^t 
Tlolet or grayisb-vyhlte^ teniporarlly haviijg a dtisty appearaxioe viilch la due 
to a wascy substance on their surface « 

She interior of the nature sclerotia is hard, not ainisays tmi- 
form in color » but usually vbite* ^ten there are in the internal tissoe 
of the sclerotia distinct milk white grayishF-viiite or bluisb-^Jiite stripes* 
Although EUhn thinks that there can be no distinction betwBon differently 
colored sclerotia, soxne have tried to classify tliexB according to color as 
harmful and hannless eclerotia. 

A faint 9 sibkly otor of cac|iior is noticeable from fresh ergot* 
its taste TKben raw is slightly bitter and naaseating* 

In size, the sclerotia vary considerably depending first upon 
the sise of the flower glumes in vdiich they are produced, and second upon 
their member in a single head# The smaller the flowers are the smaller will 
be the sclerotia* In most cases they are one or two times longer than the 
flower glumss aithou^ they sometimes may become much longer* In rye 12iey 
are one to three centimeters long and up to eight millimeters In diameter* 
Sclerotia from li^olj^la coerulea are four to six millimeters long and one to 
y one and one-half millimeters thick; from Poa annua they are scarcely three 
millimeters long; from Poa Dratensi s they are never longer than six millimeters 
On Elvmas canadensis they are almost if not fuftly as long as on rye* 

Stroma 

After having passed through the resting period, the ergot 
sclerotium, if put in a moist chaniber or planted in moist soil will develop 
stromata* These stromata may all appear simoltaneously or break through 
gradually* By the breaking through of the stromata the outer layer of the 
sclerotium is pushed up in an irregular form and finally pushed aside • At 
such points 13iere appear globose, compact, white bodies whidi gradually in* 
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crease in diameter, usually shov/ing on their surfaces droplets of a clear 
liquids These bodies are the stronata which increase to about one-half 
millimeter in diamster and are then pushed up by their stipes which develop 
under them. The stipes develop very uniformly in moist chamber whereas In 
soil they gro^/ Just long enot^ so that the stromata will be on the stirface 
of the soil* The shallower the sclerotia are planted » the shorter the 
stipes will be* The stipes are some^^Asat thicker and usually covered with 
^ite fibers at the bases and smooth above. The stipes are at first pale 
yellowish, later reddish, finally purple-violet colored or lilac above and 
lighter to nearly white at the bases, especially after the stromata are near^ 
ly mature* As a rule the stipes are uniformly cylindrical and slender, aome- 
tixneA broadened and of spiral form; broader at the base and tapering ta^fard^ 
the apex* Sometimes two stalks and their stromatal heads are grown together* 
In such cases, the stalks are abnotmally shortened ani thickened. Delacroix 
(51) reports a case vfeere a germinatiiig sclerotium o f C>itorpurea . instead 
of masy stigmata 1 heads, formed just a single bat raich larger one. The 
number of stromata depends largely on the size of the sclerotium. EUhn:-.. re- 
ports that as many as thjr.cy- three stromata may be formed on a single 
sclerotium 

The stromata] head at its base vdiere it joins the stipe is not 

closely adnate but overh&ngs this as a free ring. The stronatal heads are 

in form 
alxBOst ^iherical^and vary in size up to 1.5 bid. in diameter. In color» they 

are at first light yellowish; later reddish flesh-colored to pale fawn. Their 

upper surface is tmeven, slightly warty (verrucose) because of the projecting 

ostioles of the perithecia, ^;iiich are fouijd sunken throughout the entire 

surface of the sphaeridium. 
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Tho perithecia are egg or flask shaped, ^th the sharper point towards the 
ostiole. The little pwjectiiift mouths are the ostiolM* The perithecia 
are filled with Idag^ more or less curved transparent osci lahich are 
narrov«er at the base and apex and broadened in the middle. They spring 
from the base of the perithecinm. The asci are surroimded by nnmerous 
sterile threads, paraphyees, vyhich are some\*at thicker at their apical ends. 

In the literature ia msntioned that paraphyees arc not present 
in Claviceps perithecia. However, in fresh material by the addition of 
potassium iodide two Idnds of asci are recognized (62)* The larger namber 
of the asci contain spores, a smaller namber have a granular consistency. 
These are the paraphyses and aore distinguished by their contents and not 
so. much by their form. 

In each of the thin, colorless asci are found eight asco-spores, 
v*ich evidently are set free by brealcing of the ascus at the base. The 
spores themselves are very fine, long, attenuated, linear bodies and are 
usually sone^Attat curved, 50 to 76 |ji long. According to Freeaan (72) they 
are raany septated, sometimes as many as sixty- two times. CRissow (85) worlfr- 
ing with barley Claviceps, found that osco spores have but three septa. 
Pyles (76) found this saiiB number of septa in the ascospores of Claviceps Zrom 
Zizania. 

Sfhacelium 

The ascospores or the conidia of Claviceps when brought to the 
flowers of the susceptible host aud given favorable conditions, germinate, and 
invade the young ovary. She growth enlarges forming a dirty white, soft and 
sllzqy mass as long as, or longer, than the glximes, and having on its upper 
surface a wound- like appearance. This stage in the development of Claviceps 
is called the sphacelia stage. The interior of this growth consists of 
irregular cliannels and anles extending longitudinally and transversely. 
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vybole siirface of tbe Sphacellal growth includizig that of the chaxmels 
aad holes is colored l(j closely appressed elongated coziidioiiioresy eacb 
one sopporting a conidlton* Vhe ccnidia are fojoaed contjLzmoasly on these 
spor^-hearing organs* The hyphae from vdilGh the oonidiophores arise reeain 
the saiDd as those fonsBd upon the germination of the ascospores. Closely oon^ 
nected T/7ith the formation of masses of conidia'; , is the ahandaat secretion 
of the "honey dew" previously described, vshich holds in suspension liherated 
conidia aad which carries them out of the spbacelial grovth* The conidia 
are very numerous « are spherical to sphaeroidal hyaline, and very snall^ x 3*5|ji 

For a considerable time^ little was known regarding the true 
nature of the sjhacelial spores^ in spite of the fact that their importance 
had long been recognized* Berg (19) considered them as spematia in the 
sense of male fertilizing oxgans, but this conception was disiiP(npe# Hy EUhn 
who showed that they were procreative cells - the "stylospores" of the ergot 
fungus* He applied the teim ^'Stylosporen*' and not conidia to the sphacelial 
spores of Claviceps tvDhina, because of the peculiar viay in which they were 
borne* He thou^t that they corresponded fully to the uredo-spc;res of 
Uredineae. In his book (144) published shortly before his pajper (145) Htfhn 
3ref erred to Tulasne's secondary spores as ^einWBrner"* 

fhysj^oloffy 

Very little cultural v^fork has been done with JC • mirpurea and 
poractically none with the other species of the same genus* The first man ytoo 
studied C^ purpurea under artificial conditions vas Brefeld (29) He trans- 
ferred spores of C* porpurea to bread which had been sterilized and soaked in 

^ 

a nutrient solution* The spoxes germinated read£Ly« producing a rich growth 
and numerous conidia (sphacelia) typical in all respects to those developed 
on infected plants* 
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The vSiole inass of breadt Ti^icih xneasured eight. Inches in length and 
one inch in tkickne8s« loas penseated by the fungus* Labyrinth- like 
passages were fozved in abondance and ISieir surfaces viere covered with 
conidia* In no cultures were there any sclerotia formed , even vixen 
kept for over six months # In his attenxpts to produce sclerotia the 
only thing Brefeld was able to obtain was a visible coloring of the 
fungous growth to violet, as observed in ergot sclerotia, but careful 
investigations showed that this vgas not to be considered in any way 
as indicating forsoation of sclerotia. 

Bngelke (62) grew C> Tgunxirea on two different artificial 
media with the same results as Brefeld. He used nutritive solutions 
and hard media. The first consisted of 5 percent glucose, 0*5 percent 
amnonium nitrate, 0.25 percent pilinary potassium ihosphate, and 0*125 
percent magnesium sulphate. For nutritive hard media, he added 2 per 
cent agar-agar to the above. He also used ascospores of jD. -puniurea . 
The fungus grew well on both media, but in the nutritive solution the 
growth was someviiat better. In solid media it is more inclined to pass 
into what he called ••Microsclerotia" which is ei^^cially favored by 
the lowering of the teinperature. He kept the t^nperature between 
15-25®C. Also in a solution containing 10 percent glucose and 5 percent 
crystal sugar (profcably cone sugar) the fungus show* equally as good 
growth, vbile in 5 percent lactose it showed a weaker development of 
conidia. No gas bubbles were observed in any of the nutritive solutions 
used. 

Browa and Ranck (33) grew C. nasipali on bean pods. The 
fungus grew slowly througjiout the pod, but did not show axy signs of 
producing reporductive jKXiies. 
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Relation to li^t 
It has been noted tliat the stroinata of germinating ergot are 
positively photo tropic and negatively geotropic, and that the inten iyy 
alty of the strona coloring varies directly with the intensity of light 
within ordinary lisiits* 

Pathoge nici^^ 
The first inoculation with ascospores of £• nurpurea was 

done by Durien (280) Tnlasne made inoculations with £. nuroarea , £. 

microceibala 
nigricans . an(\JC* ffjfg'f^ pamltL . VLslrjg both ascospcres and conidia* ^ihn 

repeated the esiperiments of Tulasne with £• -purpiirea a Following the 
classical experinents of Tulasne inany other workers have been able to pro- 
duce the disease by artificial inoculation with both ascospores and conidia. 
Stager in his study has made a large nomber of successful inoculations, from 
which he vias able to establish some new species and certain specialized 
races* He also showed the host range of each* 

LIEB HISTOHT OP CIAVICEPS PURPIPEA IKHEIATION 

TO 
PATHOGEHBSIS 
Seasonal develoimentBof t^ disease > 
The ascospores described in a prededing chapter are produced in 
great nuzcflbers^ as we shall see later, and are carried in various ways to 
the flowers of the susceptible plant. When moistu3re and teix$)erature conp-> 
ditions are favorable » they germinate within 24 hours « At the beginning 
of abe germination, the spores swell and with the progress of germination 
li£^t spots appear throu^out their lengthy followed by ai widening at 
certain points. 
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SoinetlXDes these wldenlnge are close to eadx other^ and somstlmes farther 
apart* Oat of these svvollen points on one or botb sides of the spores 
there appear geniH tubes. She developnoent of the geni>- tubes im the saxoe 
spore is not uniform; single germ- tubes may have reached a oonsiderabto 
length while others are still vexy short* Soon these gemn tubes gromr into 
long 9 bz'andied hyphae^. forming nyoAilium of the sphacellal stage* Shis takes 
place in spring just vixen the host plants are blossoming* She young norcellum 
coming from the ascospores forms nimarous conidia at the ends of their 
lateral branches* She conidia vSiich are formed apically one at a time 
arrange themselves sidewise on the stalk* Shey do not adhere in a chain but 
each new conidium pushes the former aside and they remain in parallel groups 
until jarred apart* Sterigmata are not to be diffearentiated. This uni- 
formity becomes more narked MThBn conidia are formed on nutriont media, as 
a result of inmsdiate germination of the conidia* The conidia, as already 
mentioned, are themselves capable of iSDmediate germination and of infectins 
plants if carri#d to then when they are In blossom* The germinating 
conidia may send out a single tube at one or at each end within six hours, if 
conditions are favorable* Qie newly formed lo^celium soon beoomss rounded at 
the end 9 then contlnaes to enlarge into an egg-shaped conidium* Two or more 
conidia may be formsd at the sams time* In such cases they lie length- wise 
on the side of the mycelium so as to make room for new conidia* The for- 
mation of ziamerous conidia, however, is not always cosnion* 

The nuclear division in the sphacelial stage goes on very 
rapidly (109) Bach nucleus divides; part of it passes into the newly form- 
ed conidium; the other part continues to grow and re-divides* Cronldla may 
be formed also on the side of the pronycelium without being preceded by 
branching* A short stalk only being projected on \diich the coni^a^e borne* 
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A cro86 ^Kell is formed between tbe pronQrceliiam and the stalk* The newly 
fOMied conidia are like their parents bt* slightly smaller* She ability 
of this fangas thas te form secondary conidia on proE^celitmi is iiqportant 
in that it enables the first conldium viien not on proper substx^tnm» simply 
to tvrm with sufficient moistixre ntonerous new conidia, one of viiiich at 
least may possible find its \yay to a rye plant or other grass host and so 
furtiier perpetuate the fungus* In its further development the sphaoelial 
growth shOTvs a decided tendency to spread itself upviard before it has 
attained its full development at the point of infection* IRhen this is 
reached, as a rule, the ovary and often even the anthers are covered with 
the s^duicelial growth* Occasionally parts of the ovazy or anthers in the 
midst of the fungous girowth or above it are preserved* Such is the case 
vAieti the omry has been mare or less developed before the infection took 
place, or T^en the spores, thou^ they have been bro/pght to the ovary at an 
early time, because of the dry weather have been retarded in the formation 
of the sphaoelial stage* In such cases the formation of sclerotia may fail 
entirely and the rye kernel, in spite of the first stage of infection, may 
yet be formed, though in an imgperfect form. However, if the development of 
such sphaoelial stages bo favored by moist weather sclerotia may still be 
formed, whicli are cxoxm^i. by the more or less developed seed* It may also 
happen that such a kernel retains a normal appearance bjcit actually is a 
sclerotium, the fungus having failed in its destructive v/ork in the attainment 
of its full develpiscent. Such a partial development and preservation of the 
starch forming kernel tissue between the sclerotial tissues is a phenomenon 
of very rare occurrence* 
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Closely connected with the formation of a gsreat naznber of 
conldla in the sphacelial state is the abundant secretion of *'honey dew** #iixA 
holds in suspension liberated spores and carries them out of the sphacelial 
growth • Since the production of "honey dew" on the rye heads is facilitated 
by the moist weather (heavy fog, etc*) the farmers have been inclined to 
tbink that ergot was caused Xny weather conditions* Because of the peculiar 
odor of this exudate, which is accentufeAed by moist atmDsphert so that it is 
noticeable for long distances, it has been said that the "stiiiKing fogs" were 
the cause of ergot foraation. 

niere exists a great diffeirence of opinion concerning the 
nature and origin of the honey dew. Bonorden (26) noticed, on heads in^ 
footed with ergot, the secretion "honey dew*' Mdbich he says is withot^ doubt 
secreted by the nectries as a result of the stimulation cauieed by the fungus. 
In hi* later work (27) he says "The spores are covered by a liquid having a 
sweetidi taste," but he does not discuss the origin of the same. EUhn oon^- 
sidsred it as having no connection with the host and pointed to the fact 
that the liquid persists after the parasite has destroyed the internal parts 
of the flower, and that at that time the secretion is even ri6ber than at the 
beginning. It keeps pace with the progressive growth of sphacelial hyphae 
and only begins to decrease after the latter lias reached its highest point 
of development and the formation of the sclerotium has begun* It seems, 
therefore, that the hypbae of the sphacelial stage have the property of 
secreting a special substance before the beginning of sclerotium formation. 
This slijqy secretion of the hyphae appears at the same tims as the formsttion 
of sporss. 1 ; 
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XSSfan, thinks, ho \yever» that there Is not necessaxily a connection between 
tbs secretion of tbe dew axid the forxnation of spores, but that both pro^ 
cesses are connected vTith the fomation of sclerotia# Accottingly the 
spores liberation in the liquid is accidental, even thoxi^ it is of great 
importance for the drawing out and dissemination of the sane (145) To 
Wilson (299) it seems a mistake to suppose that tho fliud is exuded by the 
fungus. The qtBntity is so large and the flow so continuous that ab- 
sorption from the air seems the true explanation. Sorauer takes KtQm*s 
view and thinks that the "honey dew" is secreted by ajghacelial hyphae. 

^ile the development of spblicelial stages extenAs upwards, 
a \^olIy different process takes place at the base of this growth. Here 
the mycelial threads increase in number and send out numerous branches which 
together with the swelling of the hyphae themselves result in a considerable 
thickeziing of the garowth. At their growing points the threads are filled 
uniformly ^th protoplasm. On their older parts, on the other hand, there 
appear lighter zones, and through these an apparent tissue forBSition broiight 
about by the formation of crosswalls at each of these lighter zones. In 
the thickened threads at this time there are formed numerous oi| drops,' 
such as occur later in the tissue of the perfect sclerotium. During this 
building of nycelial threads the structure of the internal part of the 
ftmgus is markedly changed. ?6me of the thread ends grow on the outside 
forming a covering of closely applied threads \*ich lie ^parallel to each 
other. These neither thicken nor form oil drops. Their ccntenfs become 
clear and uniform, soon turning reddish, then violet colored. This 
coloration begins at the base and proceeds upwards, as did the mycMial 
growth preceding the formation of the solerotium. IXhen the sclorotium has 
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reached its ftai development it dries tip into a brovmish mass, forming the 
so-called" cap" or "tip" ^*ich crowns the sclerotiuin. Although "tips" are 
alv,ays fornBd, a great nxmiber of them fall off later. The color of the 
sclerotixmi is ustially violet, but it may become darker or reinain lighter, or 
even grayish white • 

The sclerotiiOB viiile still on the plant is cartilaginous. 
Later, upon drying, it becomes very hard. He have in it the resting 
nycelium of Claviceps ^ich is a typical sclerotitcn 

The time necessary for the formation *f the sclerotixan depends 

upon the weather. In dry weather the first signs of sclerotia formation 

the, 
appear about f oturteen .days after ^ appearance of the first "honey dew*, 

b 

Miiile in moist weather, which favors a rich Mycelial growth and rich 

secretion of "honey dev/" the formation of sclerotia may begin as early as a 

week after the appeai'ance of "honey dew". 

Xlhem the sclerotia are ripe, usually at the time of hajrvesting, 

they either fall to the ground immediately or, after being stored with the 

grain find their way back to the fields v/ith the seed. In the fields they 

remain in a dormant condition until spring vidien they resume their further 

develojinent. The length of the resting period depends upon the host; upon 

the particular species of Claviceps; upon the condition of the sclerotia, 

and also upon the weather conditions. According to Tulasne and TSStm at 

least three months are necessary for the full ripening and resting of the 

sclerotium. Ergot (£• micro eephali^/ ) from Phragmites, planted in January 

germinated in March after fifty-nine days. (C. purpurea) from rye planted 

in Jaiixary, according to Kuhn (145) germinated in April, after ninety- six 

days. She same from Molinia coerulea planted in January germinated in April 

after ninety days. In nature the ergot of Phragmites germinates later than 

that of zye. The further development of the sclerotium vMch usually takes 

place in late spring and early summer just as the cereals and grasses are 
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heading, consistH jojf the fornation of stronata ac describe! in a r/ra- 

' r 

ceding chapter. These stronata are ripe when tl:ear cclor boffins to c5lian£;;o 
into purple violet and their stalks "begin to lose their turgjdity, The 
latter condition occurs first at the progresses base and upward. At ^is 
time there are formed in the numarous perithecia in each spheridiim a great 
number of asci, each containing ei^t spores. These apores are shot out 
from the perithecia and some find their v^y to ^sceptihle plants, v^cre 
they germinate if conditions are favorable » causing infection again and thus 
ccnnpleting the life history of the fungus* 

Prod uction of spores . 

Both conidia aud ascospcres of Claviceps are formed in 
great numbers, the former in the sphacelial growth and the latter in the 
stromata. If the cloudy, sticky, '*honey dew'* is examined microscopically 
it is found to be teeming with millions of small ellipsoidal hyaline conidia. 
\Vben it is considered that the "honey dew** is secreted in abundance for a 
considerable period of time, it is realized the very great number of spores 
produced in each infected flower. 

The asco spores are produced also in considerable number. It 
was estimated l^ W£l»en (299) tiiat from a sclerotium produced on GLvceria 
^iMttans one- twentieth of an- inch in diameter, contained about 3^000 
perithecia, and it is Known that a number of such stroma ta may be formed on 
one sclerotiton. KKhn (145) states that a sclerotium with over fifteen 
st3romata will px*oduce over a million ascospores. 

Viability and longevity of sclerotia 

The evident function of a sclerotinm is the resistance of un-, 
favorable conditions, such as dry or cold weather or both. Just how long 
a sclerotium remains viable is not Imown with absolute certainty since the 
results obtained liy various man are conflicting* Sulasne states, as a result 
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of his experixnents^ that if the sclerotiiun does not produce the stroinata 
doriiig the first year after it has fallen to the ground, it loses its 
viability. Early workers vbo studied ergot did not Imow that the ergot 
solerotium retains its germinating power during one year if it is not dried 
out coinpletely* In order to test this Rostowzew (214) imdertook the follow* 
ing experiaent, A number of sclerotia from rye were gathered in August and 
kept in a dry laboratory* Other sclerotia were placed in sand in a shallow 
pot and placed in a cold room with vdLnter teznperature of CPC and lower* 
The sand was moistened and later watered tv/o or three times* In January 
the following year it was found that the sand and the sclerotia on the 
surfac© of the pot were entirely dry. During the remainder of the experiment 
the second lot of sclerotia were placed in pure sand in a dish and kept 
constantly moist* In February most of the sclerotia that dtiring the whole 
experiment \vez^ deep in the pot germinated, whereas those that were near 
the surface of the pot and those lept in the laboratory and thus exi)osed to 
drying failed to germinate* The same experiment was repeated during the 
following year with sclerotia from £. -pur-purea obtained from various grasses 
and £• micro eenhi la from Molinia coerula and yielded similar results, lutz 
(165), on the other hand, reports that ergot sclerotia from Psaaana arenaria 
harvested in August 1902 germinated in March, 1904, and also later in May 
and formed a reproductive apparatus similar to that of £• purpurea . 
Zintnennann (304) fotmd, contrary to the observations of Rostowzew, that dry 
season or the dry preservation of ergot in bottles until planting time did 
not affect its germinating power* Working with ergot sclerotia, Zimmermann 
established the following fact si 

1. Sclerotia germinate even during the second year after 
their formation* 

Z. Sclerotia, which failed to germinate the first year, even 
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^en favoxable coiiditlons are fiunished, are also capa'ble of germiziatizig 
daring the second year. 

3# 2he sclerotia that have drcjrptli in the field germinate 
at the same time as do sclerotia of the same year ivhich \7ere planted later. 

4. The development of sclerotia is marlkedly influenced lay 
external conditions* 

5. Rotted splerotia often prove to he capable of germination. 

6. Farts of sclerotia can also germinate. 

Viability and longevity of conidia 
Conidia of Claviceps have been known to retain their 
germinating power for over ten months and they may r^Dpain viable for even 
longer periods* StSger*s experiments in this connection are most important 
and interesting. He used conidia from sclerotia, gathered in Bussia, in 
July and August 1911, and which still had the remains of caps on their tips, 
were still somevihat atidcyy and had a distinct ''honey dew*' odor« The 
sclerotia were kept in the daric and over lime» On February 25th, 1912 he 
tested the viability of the still normal and fresh appearing conidia from 
the above sclerotia in hanging drops and as expected found them viable. 
On April 27th, 1912, blossoming plants of Anthoxanthum odoratum were in- 
oculated with such conidia. at least nine months after the sclerotia had 
been gathered. On May 10th he observed a slight secretion of "honey dew*' 
on the inoculated plants. On May 14th, the dew appeared in great quantities 
and sclerotia were formed later. On July 5th, 1912, he inoculated rye 
plants with some of the same conidia and secured infections. This shows 
that the conidia of j^. purpi\rea retained their genninating power even after 
ten months. This fact was first demonstrated in 1856 by Bonorden (26), who 
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shOMved that the dry "hoiaey dew*< still contains conidia capable of gex^ina^ 

tion^ lorut St'dger (256) ^^s the first to demonstrate the same by inoculation 

experiments. 

Dissemination of s'pores 

Dissemination of conidia 

Various factors are loio^wn to take part in the dissemination 

of the conidia found in abundance in tlie "honey dew**. The secretion of 

'*honey dew** continues for a considerable time, thus giving a chance for 

many different agents to ta:^ part in the dissemination of the spores. 

T/inds during the sphacelia stage are especially important, as any motion 

of the heads, loaded heavily with dew, will bring them in contact with other 

healthy heads* The spores are sxiread in this way in a horizontal direction. 

This has been experimentally tested by Bonorden and confirmed by Hose. 

Bain helps also in spreading the conidia. 

Probably the most coxmnon method by wbldi the conidia are 

spread is by insects. As early as 1847 Leunis (155) mentions that a certain 

beetle ( Cantharis melanura) visits in great numbers the infected heads 

for the"honey dew". Kolacaelc (139) maizes the same statement in his book. 

St&ger made a careful study of the relation of insects (a list of vAiidix he 

gives for certain hosts ) , while visiting the infected plant for the dew, 

become loaded with conidia which they carry to healtliy plants. The leaf 

louse, so coBBJonly found oix rye usually on all parts of the heads, because 

of their sweet secretion, attract many insects. These insects, ^en coming 

after the secretion of the louse during the period of aathesis, riay carry 

the conidia and spread the infection. 

. Itorcler (173) found that Sciara thomae L.visits very often 

Lolium nerenne . He found sphacelial spores on this insect, in its digestive 

organs, and later uninjured in the^ excretion s of the infieot^j^^^^conclude s J^ 
1 AAA Hftt o-P insects l-jalow. ^^ 
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t.ait uL./.e .^.ro o 70 v/ays in which insects spread these conidia: (1) by 
carrying them on the exterior of their bodies, and (2) by sudciBg in along 
with the dew in a great number of spores which are excreted again uninjured 
on other plants. Tscheraarlc thinks that ants icay also spread the 'lioney dew** 
to uninfected plants* According to Sorauer, there are (239) special insects 
which visit each plant. He thinks that Molanostoaaa giollinft and Bhagonycha 
c'.re the most comnon and most isorportant of these. 

The following is a list of insects reported by Stttger and 
others that help in the dissei&ination of Clavicepa. 

Amblytheles subsericans 2 

Ants 2 

AnthOBiyidae genus 1^ 2, 

Anustxx)nyche abdoninalis Fbr. 

Brachytropsis calaratus 

Cantharis melaoura 

CJheilosia species ? 

Coccinella quinquepunctata 2 

Coccinella septeopunctata 2 

Dilophus vulgaris 2 

Do^orus pratensis 

Egeria Pararge 

Eurygaster Maura 2 

Hylenyia sp. 

leaf VMsjpa 

Leptis tringaria L. 

Lissonota cylindrator Vill. ^- 

Londbaea (fumosa '^j 1, 2 

Lacilia sylvarum 2 

Melanastona icellina 1, 2, 



Note. 1 fci Itollen eating 
xnsec us 

2 ^ffiiSXt^f"^ sucking 
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Miris holsatus 2 

Melithreptus xnentastri 1, 2 

Minesa Dahlboml 

Ofbyra anthrax llelg. 1, 2 

Pipicella vixens Fbr* 2 

Platycheirus peltatus 2 

PMabrus alpinas 

PoniRjrlus viaticus 2 

Pollenia vespillo Pb# 2 

Hhagonycha fulva 2 

SapronQTza sp* 

Saproiryza api calls 

Saproxnyza qoadrlfunctata 1, 2 

Sarcopha nlgriventris or depressifonnis *" 1,2 

Sarcopbaga species 

Sciara species ? 2 

Sciara Thoinae L. 

I&china (Senas x Species ^ ) 

Tetanocera ferruginea 

Tropiccris rufipes 

Vespa 2 

Wasp 

Apis mellifica 2 

Of all these insects only Melanostona roellina and 
Ehagonycha fulva are conuoonly found on a ntixriber of plants, while the others 
are comnon only on certain plants and are considered less iinportant in the 
spreading of Claviceps than the first two. 
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Dissesdnation of ascospores 

Practically all men except StSger agree that the asco- spores 
are shot from the perlthecia with great force and are thrown for a conslderahle 
distance • Stager, hasir^his conclusions upon numerous experiments with 
•various species of C^Laviceps, holds that the ascospores are not shot sudden- 
ly from the asci "but slowly exude from the perithecia. He points out also 
that ascospores cannot be carried hy wind "because the stroma ta are coinplete- 
ly covered with a slimy layer • During his numerous experiments he observed 
DBJjy flies visiting th« sphaeridia of the germinating sclerotia. Another 
argument \8hich, according' to StSger, helps to prove that insects spread 
ascospores ia the fact that usually the single plant on the edges of the 
fields » ^ich are usually visited more frequently by Insects, are most 
coniDOnly infected with ergot. The same is true for fields lying near woods 
Tndiere the number of insects is greater. The higher humidity here may also 
be a factor in this case. 

According to Rolfs (261) £. pasnalri and £. rolfsii asco- 
spores are disseminated largely by beetles, mostly of the family jQarabidae. 
SngleUce, on the other hand, showed conclusively that when specimens loept in 
a moist chamber or esqposed in a glass jar, are exposed for a short time to 
sunlight and their stroma ta touched v/ith a platinum needle, small clouds of 
shining spores are discharged. These spores may be thro^vn for a distance 
of about six centimeters. This tends to show that the spores do not ooze 
out from the ostiole of the perithecia but are shot out. Wilson (299) 
observed that while some of the ascospores were shot out vdth great rapidity 
for a time from a papilla here and there, otlier qpores exuded out gradually 
on the surface. What the cause of projection may be is only conjectured. 
She conceptacles and the papillae seem to be filled with a bro^ jolly. The 
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rising of these papilla from a previously flat stirface shows that a 
growth is going on and^ consequently, pressure is increasing in intensity, 
80 that vdxen the iripe heads are e:cposed to a certain teioperature or to 
other forces, the tension is brought to a crisis and the spores are pro* 
jected by elastic pressure. Necessarily vAien this pressure begins to 
abate by the relief vliich followa the continued discharge, the spores 
asre not acted upon by so great a force as at first* This sBy e2:plain ^Aiy 
the last spores instead of being shot into the air are loerely pushed slowly 
to the surface. Indeed, it Is alinost certain that a great xoany spores 
are never ejected at all, but perish within the decaying strosata* 

The liberation of the ascospores talces place in the follo^^ 
Ing way. On the ostiole of the perithecium there appears a light drop, 
from vohich the spores come singly and very slowly. Finally the spores are 
ttirown out, always toward the light and at a distance of two to eight 
centimeters. As a result of the phototropic rotation and bending of the 
stipe 9 one part of the head will be exposed to the light, then another, 
the dischare talcing place always at a point directly facing the light. 

The further dissemination of the ascospores is brought 
about, according to Palck (64) by air currents due to cbaaige In tesperature. 
The Claviceps stipe fanctlons in Increasing the space for the falling of 
the freed spores thus affording more chances that they may be taken up by 
the air currents azid cnxried farther away. If the stromatal heads were 
but a short distance above the soil surface, then only a small number of 
the ascospores will be disseminated. 

Sise, weight, and surface area of the spores play an 
important role in their dissemination. £• rurpurea ascospores have, in 
l i'i e i." AisseB ' dxutier . 
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relation to their weight, a surface area seventy tinBs greater than that 
of Ascoholus spores. The energy necessary to transport the ascospores is, 
therefore, only one seventieth of that req^oiz^d to carzy away the Aecobolus 
spores, not talcing into account at all the fact that they have only one* 
five thousandth part of the weight of the latter. 

By nozaerous experiments, Ealck showed that the above 
factors are operative in the field. He proved that insects, ift-in, and 
other clisatic factors are not necessary for the infection of rye by 
Claviceps. He showed that as the tes^rature of the ground at any'titoe is 
higher than is that of the surrounding air^ there ia always a constant 
falling of tesaperature and, therefore, an air current viiich is sufficient 
to carxy the ejected spores to the hai^t of the heads, vdiere under favox^hle 
climatic conditions, of rooist air axid quiet weather they will cause 
infection. 

Method of infection 

The exact xnethod by \riiich the fungus penetrates the ovary 
is not Imown. It seezns, however, quite evident that it does not penetrate 
through the glunoes, as indicated by the smaller degree of infection in 
varieties of plants that have their glumes closed during the period of 
flowering. Engellce found that Infection was successful only before the 
flower was pollinated and before the pollen grain had sent out its germ tube. 
At t(hla stage the spore or oonidium that has found its way to the flower can 
gearminata In the nectar of the flower and then extends into the cavity of the 
ovary around the ovule, where it begins the transfomation of the ovary by 
the irtlgfttlve processes of the niycelia. This according to him,; explains'the 
formation of the sclerotia in the place of the ovary instead cf at the base 
of the iDsmel as was supposed at first. Infection through the "sfjaltoffnungen 
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des Fruchtlmotens ist ausseschosaen**^ according to hixn* 

period of incubation 

The tiine ^ich elapses bet^;9een infection of the heads and 
the first appearance of 'lionoy daw*^ ^Mch is the first positiTre evidence 
that infection has taken place » varies considerablF with envi2X)ninental 
conditions, also with tbe stage of flowering of the host« Dry and cold 
Mveather is likely to retard the appearance of the honey dew, ^diile moist 
and hot weather as is T;9ell imoviOi will hasten and favor an abundant secretion 
of the honey dew« In plants infected before an thesis, first signs of in- 
fection appear later than tinder other conditions* 

The period of incubation varies also with different species 
of Claviceps. For C^ :^ipairea it is from seven to fourteen days; in cold 
Vi^eather, usually about fourteen days. For Claviceps on Poa it is only five 

to six days; C^ mlsoni ^oj^tt to thirteen days; Claviceps on Lolium eight 

^ 0. toicroceph^l^ 
to eleven days; fL. ndcgggg grypfate, ten to sixteen days. While these periods 

give an idea of the relative length of the incubation period, they should 

not be taken at their face value, because all of these data have been 

secured at different times under different conditions. It seems likely 

that if inoculations had been made at the same time and under the same con- . 

ditions with various Claviceps species and biologic races the resxilts 

might have been more similar. 

Time of natural infection 

Infection iB nature, as well as under artificial conditions 

takes place usually during the flowering period of the host. There is still, 

however, some difference of opinion as to the particular stage of blossoming 

during T^ich the plant is most aisceptible to infection. Engelke (62) found 

that infection vdth conidia v,;as successful only before the flower was 

pollenated, that is, previous to the production of the pollen tube by the 
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pollen grain • At this stage the spore or conidtun can seziDinate in the 

the 
nectar of the flower and then extend into^cavity of the ovary and around 

the hvule. 



St^er (246) on the other hand^ obtained infection by 
artificial inoculation with honey d0w from i^ithoxanthupi Oder a turn even 
when the plants were in "Verbltien". This tends to show that infection 
nfiy take place even after fertilization. TschermarS: (274) observed that, 
in rye, infection talces place in pollenated as well as in unpollenated 
flowers. The failure of florets to become pollenated offers a gre.^er 
chance for ergot infection both in rye and in barley as the glumes then 
remain open for a longer time* No sclerotia are formed on plants infected 
after the period of blossoming has passed ^tSiger (246) showed also that 
plants inoculated with ergot three to four days before flowering become 
infected very rejidlly. He thinks, however, that infection does not take 
place immediately but that the conidia preserve their £,*ermiiiating power 
until the flowers open and then germinate and cause infection in the usual 
way« It may be true also that the spores germinate inmediately and then 
continue to grow if there is sufficient irjoisture, produce new conidia, 
and then infect the plant \dien in full blossom. 

Source of inoculiK^ 

From the previous discussion it is apparent that the 

original source of infection is the germinating sclerotiiun. On plants 

infected with asco spores, masses of conidia are soon produced* These 

are also able to cause infection and again produce new conidia. This 

process is continued as long as there are susceptible plants in blossom. 

Only a few infections with ascospores are sufficient, therefore.,^ to cause 
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In one case, C# xurporea biologic race on Biadiypodlnin 
silvaticuin, iliose sclerotia germinate long before the flowering of 
the host, B> silMPaticum, the fungus nnist pass first. to Milium effasum ^ 
viiich is in blossom at the time the ascospores are disdiarged. On this 
host it prodaces the sphacelia stage and then these conidia are carried 
over to B> silvaticum ^aiere they cause new infection* 

Overwintering pf the causal organism 

111 Claviceps species overv/lnter in the t<xm of sclerotiat the 
function of ^nhich is to oaxry the fungus through unfavorable conditions. 
Even thou^ conidia, if kept dry and in the dark, preserve their 
geiminating power for over ten months, it is very unlilcely that in nature 
such conidia would survive for any length of time. There is, however, 
no experimental evidence bearing on this point* 

a^ method of develonln* the Clavicens stage 

It is often desirable to be able to produce the ascigerous 

stage of Claviceps from ergot sclerotia for class use or experimental 

purposes. Different workers have accomplished this in various ways, 

with 
but \7het2el and Roddick (294) describe a method^^ich they were very 

successful. The following is a description of it. jfibout the middle of 
August they gather fresh sclerotia from the heads of rye or other in- 
fected plants. These are then enclosed in ordinary screen wire and 
put on the ground under a tree. The sclerotia are not disturbed until 
about April 6 the following year when they are taken to the laboratory 
and placed in moist sand in a covered stender dish and kept at room 
temperature. About tv/o weeks later the first signs of germination 
begin to appear. By the middle of May a majority of the stromata will 
be [-^Bv^ioppd jaiid a great niany of them will contain mature ascospores. 
The time of appearance of stroiaata nay, however, vary slightly for 
^.ffeient scSterotla^ 
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CLimTB AHD OTHER FACTORS IN RELATION TO THE DISEASE 

Clixnate has a very marked effect upon the amoimt of ergot 
infection. In dry seasons there is usually very little ergot infection, 
l>ut during wet seasons, especially v/hen there is considerable sunshine 
during June, it develops abundantly. V/arm and sunny seasons are very 
favorable for ergot infection in the northern part of Europe, according 
to Mailer (185) • Ravn (206), vfao studied the relation of v/eather to the 
degree of infection of various fungi, writes the following for ergot. »»»or 
C # purpxir ea the teinperature condition does not seem to play any role. On 
the other hand, there exists a close relation between the degree of ergot 
infection and amount of sun during June. VTith the exception of the year 
1894 the rye .remained free from ergot in years with a dry June." Rev. 
Canon Da Fort (56) reports a considerable quantity of ergot among the 
marshland wheats in the year 1679, in which the sumDsr was abnorioally wet 
and sunless. Rostrup (216) states that in 1693, because of the dry weather 
that lasted during the time of blossoming, there was only a very small 
degree of infection, while the wet reason in 1894 favored the development of 
£. nurt^ea so that it occurred very abundantly. In dry and warm air and 
soil the flowering takes place very rapidly (274) often vAolly within the 
blade (this is true primarily for barley). She possibilily of infection 
under such conditions, therefore is very small. On the other hand, sudden 
heat on moist soil causes rapid heading and the coming out of heads long 
before the flowerixig. It also causes a wide opening of th9 glumes. Cool 
weather prolongs the flowering outside of the blade and so favors infection. 
Anything that prolongs the duration of the flowering period and the time 
that the glumes remain open also favors ergot infection. For this reason 
ergot is found more coimzx)nly on isolated plants, on those in poorly over- 
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Wintered fields, and on those on the edges of fields. It is also found 
on lato shoots, v/hose glumss, because pollenatlon fails, remain open for 
a week or inore* 

The weather not only affects the degree of infection l3ut 
also the asKmnt of ascospore fomation and the extent of ascospore dis- 
semination* The ascospores are thrown out copiotisly in bri^t, \9arm weather, 
are lifted up from the damp places where they are produced by ascending atmos- 
pheric currents and are carried by the wind* Damp weather is necessary for 
the ripening of the ascospores and dry weather for their diseemination* Bven 
thoi^ such damp and then dry weather has brou^t numerous spc re a into the 
atmoajiiere in July and August, if the season has not been sufficiently damp 
to make the grasses taller and draw up late spikes, there will be less 
ergot because of the smaller number of flowers to be ergotized. A season 
which is at once favorable to Claviceps and to the production of late 
flowering grasses is, according to Wilson (299) required for the largest 
development of ergot in Scotland* Edwards Carroll (27), contrary to the 
views of other authors, says that ergot is rare lihen the season is wet, 
frequent vdien it is dry. This, he explains, is due to the fact that in 
Ireland, v^ere he made his observations, the moist atmosphere is enough 
for the germination and successful establishment of the fungus t ^ile rain 
would wash the spores off the plants and a superabundance of water v/ould be 
unfavorable to their growth* On the continent, vdiere the atmosphere 
is dry, rain may be necessary for its grov/th, according to Carroll. 

The topography of the field, the drainage, the shading, the 
soil conditions and the time of planting have also been associated by some 
men with the degree of ergot infection. Paizsnel states that ergot flOTirishes 
particularly well on rich soil and in warm, damp seasons (190)* It is a 
well Imown fact tiaat ergo ti zed grasses are more apt to be found in the low 
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danip grotmd than where the soil is dry, aiid it is the wild grasses along 
streams that are most severely ergotized (87) KUhn (145) thinks that the 
occurrence of ergot does not depend upon ghe soil coznposition or the 
topograihy of the land^ Laerssen (164) agrees with Kflm and adds that 
moist soil favors the development of ergot* Anth03;anthT3m odoratupi is most 
severely ergotized in shady places, in woods, or on the north border of 
woods. Hardas stricta is ergotized in woods and also on open healthy xooors 
w^ere no shad ow falls upon it. Phalaris arundinacea has been found 
ergotized mostly near the edge of rivers. L*.e sown rye (245) is also 
supposed to be more heavily infected with ergot than early sown rye. 

V&JRIETIES IN REIATION TO THE DISEASE 
Flowering with closed glumes, unifonnity in time of flower- 
ing, and rapidity of flowering are three important factors affecting ergot 
infection. Varieties possessing any or all of these characters are less 
infected by ergot than are other varieties. Varieties less inclined to 
remain sterile are infected with ergot to a lesser degree. Tulasne first 
observed that cereals and grasses, Aruqdo -phra^mites for instance, \^ich 
under the IParisian climatic conditions remain sterile, are frequently attack- 
ed by ergot. 

At a very ear3y date Wilson (299) came to the conclusion that 
there may exist a relation between the length of the period during which the 
glumes are open and* the amount of ergot infection, but he was not quite 
sure about this. ** "Still there is reason", he says, "to suppose that greater 
mechanical exposure is a large part of the explanation of greater liajl^ility 
to ergot. The species of Btobbib \*Lich grow here open very little for 
fertilization, and soon close very tightly and are never ergotized." Henning 
(97) noticed that on six-rowed barley the ergot sclerotia apjaar mostly 
on the side rows and compsiratively seldom on the flowers of the middle rows. 
This vets later explained as being due to the fact that the spikele^Qigthe 
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side rows are iftore apt to be open during fertllliation than those of the 
middle rows. Among the two-rowed barley, the variety nutans very often 
has ergot and the variety erectum . on the contrary, very seldom. This 
condition apparently bears some relation, according to Henning, to the 
fact that open flowers in six-rowed barley, as well as in the variety 
erectum of two-rowed barley, occur comparatively seldom. He also 
emiphasised the fact tliat infection with ergot presupposes open flowers. 
These observations of Henning. were confirmed and extended by Tschenrakr« 
The glumes of the two, four, and six-rowed iiuT-l^ss barley varieties are 
relatively wide open, hence their inclination to outside pollination and 
ergot infection. Haimchen barley, which has more open flowers than other 
varieties, is also more susceptible to ergot (156) Rapidly flowering 
barley often has open flowers and is, therefore, more exposed to infection 
(274) 

Tte glumes of wild rye remain open for longer time because 
the anthers do not discharge their pollen all at once, but the latter are 
set free very gradually and only after a long drying out. On account of 
this the wild rye depends more upon an outside pollination than does the 
cultivated rye. With this mode of flowering, it is more likely to remain 
sterile and therefore more exposed to the spores of ergot. This is also 
true for the Pj^ generation of the perennial hybrid Secale montana x Secale 
cereale > as well as for the greater part of the segregation products of 
the latter generation. 

Uhe spikelets of late rye remain open longer and they also 
lose the elasticity which enables them to draw back the glumes, the latter 
remaining in this position during dry and hot weather even after ferti- 
lisation has taken place, and regaining their elasticity only after the 
coming of rain. JUe^whlle the flowers may become infected. 
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In regard to tmiforjriitjr o-e i^ioworing, a. pedigreed strain 
yfiilcb. exhibits tiniformity in growth and "blossoming sigffers less from the 
disease than do other varieties. The factor of rapidity plays a part 
as illustrated by the rapidly flowering barley v*Lich often has open 
flowers and is, therefore, anore exposed to infection (271) 

Tlie height of the variety seems also to have some inflnence 
upon the degree of infection* da searer the heads are to the ground the 
more they are ergo ti zed* 

Anderson reports that the variety "I2.itttle rye" is not materi- 
ally injured Ijy ergot* 

COKTROL MEASURES 

A considerable number of control measures for ergot have 
been recoxnnended at different times, a great many of which are either 
imrpossible to apply on a large scale or are ineffective. There are also 
some control measures vahich, if applied properly and at the right time, may 
be of considerable help. 

Sanitation 

The earliest control D:easure recomrended and still applied 
is the gathering up of the sclerotia v*iile they are still on the plants 
in the field. In this case the sclerotia can be sold to the druggist . ' 
for a good price. 

Deep plowing of the fields on which infected crops have 
been grown and deep planting of the seed are also recommended for controll- 
ing ergot, the idea beizig that the sclerotia contained in the seed or 
those that have fallen to the ground from the previous crop will be buried 
deeply and not be able to send out their stromata. 

Early harvesting, which would tend to lessen the number of 
sclerotia TK^ch fall on the field, is also reconriended. 
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Burning (yver of heavily infected fields or of ihe land 
on vSxlch ergot has heen allowed to isatnro will destroy a lax^ monher 
of the sclerotia. 

Destruction of all susceptihle grasses in the vicinity 
of the cereal fields, or mowing them vixen in blossom, is a very useful 
practice in the elimination of ergot. In some cases, this has to he 
done several times during the season in order to entirely prevent the 
formation of sclerotia. 

Clean seed 

Only sclerotia-»free seed should be used* Separation of 
the sclerotia from the grain by various means is xieed very widely. 
Screening, sifting, fanning, and sedimentation of the seed are used for 
this purpose. Weinziere (292) found that by the use of special nachines 
for cleaning and grading of grain the amount of ergot can be decreased 
to 0.17 per cent. In rye with 1 per cent of ergot the amount of ergot 
can be decreased without difficulty to 0.06 percent and even less, accord- 
ing to Hotter (107) \Jhile, in this way, we nay decrease the number of 
scelerotia in the seed it is not possible to separate them entirely. 

The separation of sclerotia by sedimentation is the most 
effective method for obtaining sclerotia free seed. Miller (185) first 
used this method and. he was the first to apply to it the term sedi- 
nantation. He used a solution of 30 to 32 percent of conmon salt or 37 
percent of potassium chloride for the sejaration of ergot. The grain 
having a higher specific gravity than the ergot remains on the surface 
and can be easily taken out. The grain is them washed with water and 
rapidly dried. He recontnends the use of potassium dxloride instead of 
common salt because it does not injure the seed and, besides this, it can 
be used as fertilizer after the treatment. 
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Jacews^ reconiEeiids 30 percent salt solution anc^ wt>s the 
first to work out a practical Tjay of using MUller's rasthod* By this method 
the grain containing ergot is placed in a specially perforated Irossel, 
the vessel is then dipped into the container i;idth the solution^ and the 
grain stirred up in it with a small wooden shovel. After the grain be- 
comes wet, it drops to the bottom of the vessel while the ergot sclerotia 
always remain on the surface and can he easily separated* The seed is 
then washed with pure water and spread on a floor to dry. The sclerotia 
obtained in such a way xoay be sold to the druggists 

Soil treatment 

Several attempts have been made to control ergot by apply- 
ing chemicals to the soil but the results are not very promising. 
Griffiths (79) recommends top-dressing with iron sxajhate (from fifty to 
one hundred pounds per acre) of all land liable to the attacks of 
Claviceps. McAJLpine (170) recommends the same treatment. 

Wfftherich (303) showed that iron sujphate in the quantities 

i^i the qpantities given above does not in any way affect the germination 

power of sclerotia. He showed that ergot sclerotia could germinate in 

1.4 percent iron sulfhate^ ailcL that at least a 13.9 per cent solution 

was necessary to destroy them. Both of these concentrations are too 

strong to be applied in the fields. WUtherich also did a considerable 

amount of work on the effect of various chemicals on the germinating 

power of Claviceps spores and conidia, Ml since the results are of no 

not 
practical imoportance they are'^included here. 

Seed treatment 

Thorough diying of the seed and dry samner weather will, 

according to RoBstowzew, kill the ergot sclerotia. Rj^liable work indicates, 

however, that this is not true. 
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McCarthy recomoanda spajciiig the seed for eight to tsn 



miimtes in vvater heated to 135^ to 140^F., after which the seed js dried 
and planted. 

Culturail methods 

Crojp rotation is found to help considerably in decreasing 
the azDDtmt of ergot infection. Clover ^ sugar and cow beets^ potatoes 
and other arops not susceptible to ergot should be introduced in the 
rotation. 

As ergot infection is said by seise to be favored by xnoist 
soils with.iunderground water^ good drainage is also recosaxanded for 
prevention of ergot. 

As BBntioned before, a rapid and uniform blossoioing of 
the cereals will prevent infection on a big scale because of the short 
period of infection* The above nay be brought about by applying all rules 
of rational faming: good drainage^ deep and good cultivation, normal 
and not one-sided application of zoanure and fertilizers^ proper rotetion 
good seed, and planting with a drill. Early and late varieties should 
not be planted c&ose to each other, because the late sown crop is likely 
to become infected heavily « All these measures do not, however, prevent 
the appeairance of ergot but hinder its spread. 

Cereal varieties that stool little should be used, for 
varieties \iihich do not stool will be in blossom for only a comparatively 
short time, and the shorter the time of blossoming the smaller the 
possibility of infection. 

Resistant varieties 
Rfsistant varieties, where practicable, should always be used. 
The variety "little rye" is reported to be less susceptible to ergot. (5) 
Six rowed barley and the erectum varieties of two-rowed barley are also 
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reported to "be attacked only seldom "by ergot. 

Because of the wide host range of ergot and considering its 
eq-ually wide adaptation to many unrelated genera. "Theoretically;- there- 
fore, there is very slight probahility for plant breeders to find a great 
difference among races of rye, barley, and wheat in their sasceptibilitjt to 
this fungus. The great difference betvveen tye, barley, and wheat in their 
degree of infection by ergot (the two latter are very Barely attacked by 
ergot) is evidently connected with the different modes of flowering of these 
cereals* B,ye usually flowers with opened glumes, ^eat and barley with cIk-^ 
cjosed glumes, and the closed mode of flowering prevents the two latter 
from being infected by ergot" (28) • 

Biffin (23) comoKmicated the curious fact that there occurred 
among the F hybrids of Rivet i;;dieat (T* torgldom) with several varieties 
of T> vulgare some plants viiiich were attacflced by ergot, although the parent 
fozms had ni&veT been seen to be attacked by this fungus • Biffin explains 
this phenomenon as a result of the combination of two Mendelian factors for 
susceptibility to ergot. These are separated in the parents and in separate 
forms cannot produce the susceptibility to ergot of wheat, which aresults 
when they are combined in the offspring. 

Vavilov (293) gives a different interpretation to theabove 

fact, for vAiich he finds siipport in a fltmilar case reported by Rimpau* In 

1891 Rimpau noticed that in the same hybrid Rivet T. vulgare there ?>ppears 

in the F generation some sterile plants. In consideration of this fact 

1. See the discussion of this subject imder "Vr.rieties in relation to 
ergot infection"* 
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reported Ijy Rimpau, Vavilov says that "sterile plants of cereals as is 
toiomi flower usually with open gltunes, remainixig iiany days in this state^ 
and conmonly are badly attacked by ergot. The sterile plants of F of the 
hybrid of wheat and rye, for example, are severely ergotized.»» He concludes, 
"evidently the sams fact of appearance of sterile plants v^a observed in 
the experiments of Professor Biff en at Cambridge, and, as might be supposed, 
these sterile plants were atteidced by ergot. Vavilov' s explanation of the 
ergotized hybrids makes the possibility of obtadniug Resistant strains by 
breeding seem slight. It leads us to thiiik that there may be an absence 
of Mendelian characters of resistance and susceptibility* Still it may 
be possible that varieties witii closed glumes can yet be obtained by 
this method. Prom a practical standpoint, such varieties serve the same 
purpose as varieties with resistant characters. 

Clavice-Ds balansioidis M811. on Panlcom (Echinochloa ) (ISO^ 

Tim mycelial hyphae of the fungus practically cover the whole 
spikelet or even two neighboring spike lets. On the glunes there is formed 
a white fluffy covering of hyphae on which are produced the conidia. These 
conidia are hyaline, oblong, and 9 to 12 microns in lengths With the 
fur13ier development of the fungus the cavity between the glumes is filled 
by the mycelial growth which later becomes the sclerotium* Then, in the 
place of the formerly loose, white conidia-bearing mycelial growth there 
appears in time the dark blue to black sclerotiad covering. Sometimes two 
spikelet s may be included in one sclerotium. The lower glumes remain 
usually outside of the sclerotium. 

The sclerotia are of various sizes* Under favorable conditions . 
they will grow above the spikelets forming sclerotia free from inclo wares* 
The sclerotia germinate in three to four months* They send out few stipes 
with fiSiteridia, which are yellow in color. The stipes may reacli a lengttt^ 



. ' : ::..cf .. 



. ^uv 



,1 .• ^_.- 



. : / ' V* 



'Digifized by 



so 

of eight centiBoeters and the spheridia a dianoeter of one to five ndllimeters. 
The perithecia have a length of about 300 nillirceters and one-fourth or 
more of each perithecium stands free above the spheridia. The ascl are 
long arv? cylindrical, 150 to 180 microns long and three microns thiCfc on 
the apex with a small hyaline cap, Ibe ascospores are thread-like, many 
septate, and .5 microns in width, swelling in water to three to four 
microns. Short side branches coming out from the germinating spore soon 
develop numerous, oval, hyaline conidia, 12p, long and 5|jl wide. The hyphae 
bearing the conidia are maitodly thinner than normal vegetative hyphae, ^shich 
have short, thick cross walls. T'^e conidia are fonned in great numbers, 
and when set free, germiisate at once and develop aerial growth and new 
conidia. According to IBille r C. balansioides is a mid^form between 
B.^dJJtisia and Claviceps. 

Clavicens ? carcina . (^iffjths and Mor rig •- 

on Oarex nebraskensis . Andrews, Ore. | 

Ifycelium of the fungus extending throughout the entire sub- 
stance of the parenchymatous tissue of the center of the culm of the host 
and condenses in one to four places into black, longitudinally striated 
sclerotia, 1.5 to 5 inn. by 1 to 5 cm., the interiox sC which is vjiite, of 
uniform density and made up of loosely interwoven, colorless, thick-walled 
and sparingly septated hyphae. Eaithful but unsuccessful atteinpts have 
been made to cultivate the sclerotia of this species, and the placing of 
the species in the genus Claviceps is, according to Griffiths, a wild 
guess. 

On the M*ole, the species is veiy inconspicuous, but vfeen once seen 
it can be readily detected afterv^ard. Tlie most noticeable effect of the 
fungus Is the ratlier early death of the culm \^ile the lower leaves are 
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51 
still green. XhlSt hongever, is lilcBly to "be mistaken at timeB for .the 
maturing of the plant • Usually the sclerotia are formed in the lower 
half of the calm and fill its entire vertical section, but they may 
frequently be forwDd above the middle and even near the head. Ihe method 
of liberation of the sclerotia is very interesting. The culm is killed and 
consequently becomes djy about the time that the sclerotia are matute. 
In diying, the sclerotia curve into a segment of a circle, thereby ruptuar- 
ing the tissues and falling to the ground. The external resemblance of 
the sclerbtia to those of Clavibe'ps TOirDnrea is very marke^. 

Clavicepji cinereum Griffiths on Hilaria muticA ~ f 

and H. cenchtfoides , Cachise, Ari«oiia (80) • / 

Ito w^lmai^ti^ of this species are clavate, gradually tapering 
upward, straight, curved, twisted^ or contoured, 1.5 - 3 cte* in length by 
1.75 to 2.5 mm. in diadb^er at the base, vlary Viscid while developing^ with 
the base permanently invested iy tke f loweit^ing jglumes of tlie host, vchich 
are smoottt^ ahiiiing, black aiid clbsisly adherent, smooth ab far as bovered 
by the glumes, and reticiilaied fbr tbk^ distance above this. The reticu- 
lations gradually disappear Upward &bA tnorge ixltb closely jplaced longi-* 
ttidinal striations, vbidti in turn disajf^ear near tlils ^6x^ ^eire the dtcrface 
is nearly smooth or irregularly roughehed. They are dark grey at the base, 
but gradually fade out to a very light grey or almost vbite at the apex* 
In sections the base possesses an external zone of a dark grey color on the 
outside, within vshich is a much wider distinctly marked zone of a very 
light grey, ^ile the center, less definitely bounded, is almost pure >«iiteA 
At the apex these divisions are absent. Stromata are erect, erumpent with 
^lindrical or usually slightly fusiform, short, stout, almost vftiite stipe, 
and a subglobose head, 1.75 to 2.75 mm. in diameter, usually slightly 
flattened below and overlapping the upper end of the stS'S^^^^ ^e 
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light grey, almost smooth, viscid, puttotiforxn, with Asall darker points 

iBdicating positions of peritbecla* Peritiiecia..sunlcen, not projecting 
above stronatic nass, ovate to very slightly ^i^yriform, 190 to 2Z5\i "by 
GO to 90|i« Asci eight spored^ fasciculated, narsrowly cylindrical ^ slight? 
ly enlarged at attachment, rounded above, and 135 to 150|i Isy 4 to Sp.. 
Paraphyses iwanting. Spores nearly parallel, filiform, coarsely but rather 
indistinctly guttulate, 100 to laOii by 1 to l.Sp,. 

Clavicens Jonyi Adams 

Ihe follo\di« is Adams* description of this species (l) 
'*The species of this genus are usually found parasitic in the ovazy of 
grasses, sometimes on sedges. Neither in Saccardo*8 '*3ylloge Fungoraxif* 
not in Bzigler aaad Prantl's *ipflan2enfamilien*' is there any mention of 
the member of Hie genus occuring on Bushes • The Sphacelia stage only Tigas 
found, occurring in the ovary of Juyicus glaucus ^ and filling up its in- 
terior with an immense number of colorless spores* The spores are oblong 
to elliptical in shape, one-celled, 7#0*10»;^ 2.003*5|i« Obtained on 17th 
Sept. on Royal Canal bank, Co* Dublin**' 

Clavicwps lutea 10511* on Paspalum (160^ 

Before the formation of the sclerotia the flovTcrs are covered 
with a cottony growth of colorless hyphae on vshich are formed the conidia* 
The sclerotium is formed here outside on the spikelet in the form of a cajv- 
lilce curved pod* The largest sclerotia are about three millimeters in di«* 
ameter* They are attached tightly to the spikelet sending down into its 
ovorum and between the glumes root-like cTtructuiBs of hyphae* The sclerotia 
fall down with the spikelets but vftexi they are fully ripe they are easily 
separated from the spikolets* The sclerotia are vOiito on the inside and 
distinctly yellow on the outside^ having a slight "korneligrauih"* Sclerotia 
germinate after seven months with one or two long, finef^'^li^iPti yellow stipes. 
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53 
iBbioh nay readi a lengtli or 4inn. carrying on lixelr tips spbezfttla* The 
perithecia are sunken in the spberidia^ but their upper parts ax^ ele'vated 
in form of spherioal bodies (hall). The asoi reach a length of SSOp,^ the 
ascospores aare 160p, long. They geminate iintnediately in nutritive 
solution^ first they swell xrp sozne^obat^ divide by cross iivalls^ send out 
side branches^ on ivhich aro forxned nuinerous conidiairltiiin 24 hours » They 
are 9 by 2|j.* In hanging drops they form aetial grov/th and numerous conidia# 

CXaviceps Mcroaenhala Tul* w 

Synonyms s 

1. jtan%ro^v9Y^m mAgrgfteph^lw waii (269) 

2. gphaerla microcenhala e.iusd^ Wall (279) 

3. 3-bhaeria acus Trog> (279) 

4. Cordvcens -Dur-parea var# Acus Desm. (279) 

5. StJiaeria hoolteri Kl^ in Engl* Fl. V. (23^) 

Sacc# ^1« Fung« v. 2, 565 
Of m).cr o^ t ^hala occurs oni 

phragmites comomis (279) 
Ifolinia ooerulea (279) 
Arundine calamagrostis (279) 
Uardus (277) 

Alopecuins pratensis (193) j 

Polllowing is Tusasne description of this epecies (279): "C« 
tota saturate rufo-violacea, subsolitaria; sclerotic brevi, exili aut 
crassiore; stipite longo, gracillimo flexuosqua; capitulo exiguo molliorl." 

"Spermogonia eamdem prae se fert fabricam quam supra in 
Clavicipite purpurea deprehendimus^ parique mode in extemo pistllli 
hospitis pariete^ quaedam apud Grramina provenit; quoad mollem macrior est 
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qtiam inodo descripta, nee wn, 0&, longior { suT>narclda) saepe offenditnr. 
Spermatia fundi t ovata s. ellip'tica, in tor se ferre consimllia, ran, 
0065 circiter longa dimidioque angustiora; et cxm exteniiata ©"bsolescit, 
coppuscultun sordidultUB defoiroeque (sacculuBi Faeo) xuore soli to retert# 
Stroma s* sclerotiiun, dum spermogonia infermatur, illi se subducit^ partliiH 
gxie in ejus sinu reconditmn paulatim elongatur, ac forjnajn anguste cylindri- 
cam^ rectam et utrinque nonnhil attenixatajn oId timet* CaeteruzD ovarri 
seden penitus usurpat^ sed seminis genini xnoclexn escoedit^ licet gltuoBllis 
flosculi brevitis nonnunqT^am consistat; ndlliinetxa tria aut quatoor in 
longitudinexn plerumque apud .'Pbragndtejn tanturaiodo adipiscitur et diametor 
nm^ 4-5 aeqoare solet; in Molinia autexn najus gereratur # Bx utricalis 
conflatur globosis^ perexigius, oleo scatentilms, ]^rencbyin8ique firxnom, '^^ . 
albidtim et passuzB purpurascens sistentibus* Fostquam in hiODenti lino per 
longam hiemen veluti sepal tam jacuit, vere suporveniente, vita in eo 
evigilatnr^ nee nisi aestivi tempotis ariditate oppriznitur* Molis exigaae 
gratis^ paucissifios, sertim, vere proxixne elapso, inter gramina sfylvulae 
( Parisinae) Boloniensis, in sclerotio (^. stercorario DC, ut opinor; 
dicunt alii Scl * Iftciyiopuin f^rs.) quod instonexn Pezizaa tuberosam Bull* 
generare solet, facile compertus sum neinpe unum aut unum et alterum, rarius 
tree, fungillos entitur; qui horumoe solitarii proveniunt e medio 
sclerotio quasi ex utero tumente vulgo assurgunt, reliqul prftoribus adx^scun*- 
tur aut matrici exterirae hinc inde insident. Claviciniti Tnimurea de 
uni versa structura haud dissimiles, stipite pradlongo farcto gracillimo 
(filiformi) flexuosoque, capituli exiguitate, nee non colore Huna potius 
ferrugineorubente quo ex toto inficiuntur, qoam facillime discriBdnantor* 
Stipes de longitudine, prout in loco suffocate aut minus obscure creverit, 
fariat, centime trum enim et quod excddit longus aut etiasi duplo major 
offenditur, capitulumque sibi ipsi concolor, vix ran, 7 crassius. 
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c^jmosuitii molllusculuin, ot ostlolis obtti^ ^oisinalis tmdlqiie consparrjin 
sastinet; Ccnceptacal& e zD8i&l2rana tezmi vbc a palrenchyiDate qxio o'hvoPvitru 
facile solubill formata^ su'bovata, obtude apiculata, C ma, 25 circiter 
Ibtjga et dimidlo ai.i£;a;jtlora, thecis linearilms angustissinAs ereotisque 
r6ferclulitur« quaruc: iti sinu spcras filifottues nee cuntimiilimetrum longl- 
tudine excedentes generarl coinpertriiD lia>]fui3ias« ?iia haecce octonSL in aeco 
quoliljet proveniiant, sept is aBsti-tP^mxtiir, noc in pegrsenta postquan dis- 
persa sunt abire videntur. 

In f lorilms Pyagmitis c oHgnonis Trin. et Moliniae caoruleae 
Moench.9 aestivo tempore autuxmoque ineunte plantula vigerc incipit« noc 
nisi vere et ae state annl inseqventis currentibus perficitur sendnaque 
inatuxat. Pructiferain legi ^n palitdosis agri Parisiensis (Meudon) , domique 
pennaltas, alias in Phragmite all68 in Uolinia natas, prospere coluo* Sentel 
occurrit cl# vr-llrothio, prope Eberstourgum GeruBniae occidentalism nee non 
D# Baiabergero in Helvetia, teste el* Trogio; cxrca Atrcbatem, monente ol« 
Mazorio (in Ann. sc. rat., loc. sup. cit.)., etiam reperta est. 

Pmigillus MOdo doscriptus a Oiavicipite purprurea, dtmmodo 
alteruin alteri sedulo canferro volnaris- nnilo negotio distinguilanr* Capl- 
tulton propter texruxan lax.lcreii, cum mocicc quidon exsiccatur, subito 
maxiine contrahitar, concoptacilaque in eo iianersa quapro|)ter ita prominent 
ot a se invicem discrete veniur.t ut fructum Bubi exsiccatum quodasmodo time 
imitetur* Plantula in aqua aut spiritu ▼ini immersa colorem paxilo post 
liquor i cedit. 

Pungtaoa non tantmrmodo in Biragmite eommi^^ Trin. et Molinia 
caerulea Moench, sed etima in Arundine Calamagrosti L. et aliis graminibus 



Digitized by 



Google 



Digitized by 



Google 



56 
oriri observationiliua a cl. Hasdrio relatls doclarstum videtur; ego 
vero fraterqua In Htragndte et Uollnia supra dictis illius cclerotitun 
hactenus dtmtaxat offendlnus* Ifycftliim hoo densatum, apod PhragBoltem, 
sub tmius 6 floribus mediis cujuslibet spiculea teguxDentis vulgo latet 
radhl imltusD adbaeret^ et in pani calls qiae per to tain hleinen ventls qaas 
satae sunt^ etlain copiosissiioaD vere reperitur* Suzanum splcolae tloxem 
^tiries rite fertilezn inveni, et ex ejus paleis seisan geniuuum gerxDsm»- 
qoe, non vero prolem gexmniforiDen sEodi." 

JB. nigricans T\il# on 

Scirpus baeothryon (279) 

S. milticaulis (279) 

S. uniflunds (279) 

"C. tota atro-violaoea, capitulo dilutiore, nonnihil de- 
pressOy ZDBinillosOy papillis (conceptaculis prominent ibas) remotis. 

Pe origine, situ et fabrica SpermogAnia hn^s stirpis cuzn 
primogenito antecedentimn fructificationis adparatu penitus congruit; 
ST'Orsatla etiam forma et crassitudine priora subaemulantur. Dtan daec 
disseminantur gliscit sclerotium lineare^ seml-'C^lindricum aut varils 
mo&is deformatum, ntrigque obtusatum, atrum^ intus vero soli to more 
albidum aut sgualide purpurascens; quae suppetunt Jujus sortis stromata 
8-12 millim« longitudine adaeqaant, sed nonnulla malto breviour aon- 
stitere* Sicuti Claviolpitibus decet, sclerotitim seminiforme ab es^trema 
aestate in veruaque anni subsequentis torpescit, nee nisi in limo humido 
din Jacuerit frucftis agere valet. Ideo cum nostris in terris degertibus 
lux gererosius largitur, sylvarumque arbores sub ooelo mitiore facto 
ge&Eoas explicant ac frondes induunt, tum fungillus noster^ duzrmodo res ei 
prospers successerint^ e hyemali somno evocatur atque ad vitae terminum 
volens nolens^ via praestatuta festlnare debet# Br illius substantis paula- 
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tlm cbinnatata Mnc et indo eaceimt, asGurgunt, Clavicipites 5-9 aut plures 
5-8 roillim. altae, totae atro-violaceaa sed in capitulo prixnitus palli- 
diores. Earuiadein stipes crassiusculus fills divaricatis basi destituitxir 
aut pauca exserit* Capitultun quadaintenus dopressum 1 ,,, 25 vel 2 milllm. 
diametro metitur et oculo qtiidem inermi mamilloso-papillosuin deprehenditur. 
Papllae istae conicae, obtusatae^ e oonceptaculis prominentiTms opiginem 
dtiotmtg inter se distant,- porogue tandem apertae sporas eructant. Thecae 
octosporae longissiirae, sub apice extremo nonnihil ccnstrictae, tempore 
debito tentiatae ruptae partimque consu3nt>tae evenescere videntur* Sporae 
liberae factae eo manifestius filiformes, continuae albaeque conspiciuntir- 

Oritur hlc fongillus in f loribus Schiporum, neupe ^. nyilticaulis 
Sm> . S > Boeothrvon LinH.:^ Sl* tmigltpnis link, et oonsixailitmi; quos, domi 
cultos, fructum edentes ad banc diem vidi in Scirpo uniglumi Link* pro- 
venerant, nee audivi ullum njrcolegain in parem Clavicipitem (fructiferam) 
uznqaam incidisse. 

N. B. Snhaeria Hooleri Kl« ad Clavicipitum genus veri similiter 
spectat, sed ex manca ejus adumbratiune, in Smithii Jlora an^lica [t. Y, 
part II (1836), p. 234) edita, aegre perspicitur quae antecedent ium habenda 
sit, dsiquidem quartam speciem sis^tere non meretur (279) • 

Clavice-pts pallida (\;int*) P. Henn* 
5ynonymi 

Balajgsia -pallida ^int« 

Following is V/lnter»s description of this species. 

"Balansia pallida ;7inter nOTra species* Stroma ta gregaria 
♦ca 4-6), e basi sclerotic idea, in graadnum geimine parasitica, eumque 



1 
Hedwigia, Band 24, Heft 1, Jan.-Feb. 1887, p.32. 



Digitized by 



Google 



.3-^ ... 



^, '■ * A 



?. J- .V ;• ' : I 



....^ 



•- rr ferj c- . v'j 



( • ■ 



Digitized by 



Google 



56 
destruente tiulbosa, fiubelc^bosa, 1/2-2 Mill, cra^s^, extus lutea, intus 
pallida^ camosa orta, sessllia vol stipite plus Bdnusve elongato^ saepe 
cnrvato flexuosove, inteixLum subooxnpresso angulatoque , saepe longitndinali- 
ter sulcato, luteo-alMdo pradeita. Capitula perithecigera subglobosa, sal)- 
globosa, subtus excavata, supra saepe parum tuberculosa et inqeqaalia, 
pallidaluteola, ab ostiolis peri the clorum prominulls punctulata, oa l/S 
1/2 Mill, lata* Peritheoia in oapitulis peritherica, dens stipata, a 
stiroxcatis substantia vix diversa, elongate obovata, ostiolis papillae- 
fonnibus, rotundatis, intensius coloratis stroiiatis srgperfieiem perum 
prominentia, 29O-320ix, alta, 130-160p, lata. Asci orlindracel, deorsum 
attenuati, spice lata rotundati, t unica valde incrassata, 8 spori, 175- 
220p, longi, 3.5-511 ciassi. Bporae filiformes, ascorum longitudine, tenuls- 
sinae, ca. 0«8-0«(|jl crassae^ hyalinae^ septis ciultis^ sed valde indistinctis^ 
- Stylosporae in geminibus junioxtibus^ si^rfielem fere totsjn tuber is 
sclerotioidei obducentes^ e cellulis ejusdem superficial libus ortae, 
filiformes^ plerumque curvatea flexuosaeque^ biyalinae^ uttinqua acutiusculae. 
.44-62(1 longae, Tix 2p. crassae. Brasilia: prope Sao Francisco, Sta* 
Catherina. In germinibus vivis Luziolae peruvianae Juss. Mai 1885 • leg# 
E. Ule." 

P. Hemiings (99) makes also the following observation in dis- 
cussing another species of Claviceps: 

"5benso ist die Art von Balansia -pa^ida Winter ganz 
verschieden, welche Art in Pxnzchtlmoten von Xuziola Sclerotien bildet. 
Diese Art is jedoch gleichfalls zu Claviceps als CI. pallida (Wint.) ztx 
stellen und gehBrt nicht zu Balansia." 

Clavicejs pallida (Wlnt.) P. Henn* var. Orthocladae P. Henn. (101) 
Following is P. Hsnnings* description of this speciess 
"Hycelio sclerotoideo in germine parasitico euxnque plus 
minusve destruente, subgloboso gyroso compressoque, flavido; str- '-atibus 
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gregarils (4-( ca 2-3 nm longis, stlpitatis, saepe basi confluentilnis; 
stipite basi bulboso, tereti -val late corapresso, flavido, villoso, 1-2 nm^ 
longo latoqae; capitulis perithecigeris henisphaericls^ subtus ercavatis, 
supra pallide €lavis, ab ostiolis prominulis obscurioribus punotulatis 
1-2 nm. latis; peritheciis stipatis oblonge oviodeis; ascis cylindraceis, 
apice rottmdato incrassatis, tunicatis, basi atteniaatis, 8-sporis 150 - 
180 ▼ |i; sporis filiformibus, hyalinis, pliiriguttulatis ca. o.Sp, crassis* 

fisird , auf OiOihoclada spec* auf FruchtKnoten. 19 « Bee. 1889. 

»«Diese Varietat ist von der vorliegoiiden lypischen Porm, 
welche aiif £ti2iioi*i ^'''t:a»: t, in Rabenh •-Winter Pungi europ. No. 3549 
herausgegeben ist, dnrch die Grossenverhaltnisse der Strooata veeentlicb 
verscliieden, ebenso durch den filzigen Stiel derselben* Vielleicht dUrftee 
diesser Pilz besser als besondere Art auf ger stilt werden, zusoal die 
Unterschiede bedeutender erscheinen als zwischen C% -purpurea (Pr») und C. 
nAcro c epha la (?i£llr*)« Dito Stroxnata entwiateln sich aus den Sclerotien 
and der lebenden PfSdnze.'* 

£• iMtBaali Stev* and Hall 

SynonjnsQS: 

Sclerotium paspali Schw* (234) V 
Sphacelia pappali borchet (261) 
Spem:odia paspali Pr* (73) 

£.• "Das-pali occurs on Paspaluro leave (261) P. dilatatum (186^ 
and P. distichum (32) in the Ifeited States and Europe* This species \»as 
first described by Swovens aad Hall, but Brovm's descrftption of it (32) 
vAich is given here, is more complete. 

The sclerotia of £^^ pasijali fall to the ground when the 
grass sheds its ppikelets and lie on the ground until spring* Such 
sclerotia when gathered in vdnter vdll gersoinate about the middle of May 
and this is usually after the host plants begin to Slower. .^.^^^ ^ CjOOqIc 
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Che sclerotla of 0> paspall vdien xnatore are uaually globular 
in flihape, 2 to 4 inn* in diasBter, irregularly roughened on the surface, 
and yellowish gray in color; the interior is honoogenous in structure and 
contains a considerable quantity of oil. Crerminatiug sclerotia produce 
one to several stroixeta, usually two or three, with slender ^itish stipes 
3 to 15 rm. in length and with spheridia about 1 mm in diainster* The 
^eridia axe roughened over Hie surface, owing to projecting peritliecial 
neclcs, and are at first whitish in color, later becoming rather bright 
yellow, and finally brownish* 

A vertical section of a stromatic head shows numsrous tlB.^^ 
shaped perithecia embedded in the outer part of the head. She nedc of 
each perithecium projects a short distance beyond the surface, thus form- 
ing small piaple-^like projections. The beads are completely covered with 
perithecia which are oval in shape and measure by 340 by 119(ji. Baoh 
perithecium contains numerous slender, cylindrical asci, 150 to ITOp. in 
lifigth. At the outer end of each ascus there is a thimble-like imeli fitting 
over the end. The wall of tho ascus is so thin that it cannot be dis* 
tin^iiished clearly. iChe ascospores are filiform and hyaline, being a 
little lass than 1^ in diameter and 70 to 100|a in length. There are pro- 
bably eight spores in an ascus, althou^ not more than seven were counted 
with certainty. Mature spheridia from sclerotia Just gatheired from the 
field, v^en allowed to dry slightly and then moisteAed, e^ude ascl very 
freely. 

Flowers of Pasnalum dilatatum inoculated with ascospcres by 
by rubbing stromatic heads against stigmas and spikolets of the grass heads 
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showed alsundant evidence of infection in several days* In the fields in- 
fected heads are not found for several days after the sderotla germinate. 
They are first noticed about the earVy part of Jtme, about 24 days after 
geminating sclerotia are first found. Diseased heads becoxie very coDSDon 
durixig July, especially if Jttne has been rainy* 

The infecting fungus attacks the pistil of the grass flower, 
and in a few days the ovary is alsoost entirely destroyed, a aaass of fungus 
tissue filling the space it occiipied. On the surface of the fungous growth, 
there are numerous tufts of hyphae standing at right angles to the central 
mass. Each tuft contains a number of hyphae. The digital ezids of these 
hyphae, or certain of them, enlarge and form conidia. The conidia are 
Jiyaline kfut show granules \^en stained, oblong^ about 5p. wide and 15ii long. 
091^ are produced in great abundance and are carried from the hyphae on 
vOiich they were produced liy a droplet of Honey dew* 

The sphacelia stage in whidi honey dew is exuded lasts but 
a few days. In some cases within a week after the sphacelia stage reaches 
its height the young sclerotia 1 to 2 millimeters in diameter are projecting 
from between the glumes of the spitelets. They continue to grow until 
some reach a diameter of about 4 ran. She sclerotium of Q^. naBiBali has very 
marked poisonous properties. 

£. tJhiliiJPii Rehm (209) 

Stroma ta gregaria, e Sclerotic 2-2 l/2 cm. longo, -3 nm. lat., 
subcylindrico enata, capltata, subglofeosa, scabra, stipitata, cum 
Sclerotic nigerrima. Capitula superficle peritheciis iransrsis exasperata, 
0*&ol.O SIS diam. stipite c.l ran. alt., 0.2-0.5 ran. lat. intus albida, firmft 
Peritliecia iranersa, minima, oculo nonarmato vix perspicua. Asci creberrimi, 
clylinracei, apice rotundati et incrassati, 120-150u Ig*, 6n lat. 8 spori. 
Sporidia filiformia, recta, 1 cellularia, subflavidula, parallele w)sita, 
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c. 120|i loxig, 34.1 lat^ farax4>3rM8 desmt, 

Mergni (qjiU) leg. Th. WHli^pi^ Ad sclerotlnm intra 
vaginaxn folli sessile, caryopsidem infectaao.ti 

£t £a§m&Ces. (37) 

"Claviciplli mioroeephalae et purpurea af finis* differt 
colore stlpitis stramineo et capltuli fuscostrainineo,.dintissiine persisteute, 
praeoipue vero appexidlce collar iiformi capituli basim aaibiente, 'basigue 
stipitis glabexTinB; ascis sylindraceis 56 x 6|i; spridiis filiforndlms 
ascion aeqoantibus. 

Hab* in caryopside (affecta a Sclerotii Clavi forna) 
Andropogonis pr. Brescia et Vercilli in Italia boreali. Perithecia 
globulosa 1/5 - 1/4 mill* diaip«, in ostiolton conicum prodacta. cr. 
Aapitultnn 1/2-1 mill, diaa*" 

£.. rannnctiloides M811, on Setaria sp* (160)^ 

Thit tpMift has typical Claviceps sclerotitan, homy and 
curved. In the sphacelia sta^e the fungus seems to be of an orgnge* 
red color. The nuinerous conidia fomed here are oval, 7 to 8 by 3 to 4(i. 
The sclerotia germinate first after nine nx)nth8« The stroioata are slightly 
yellow at the base, as in C« TJuriPfujpQa . somewhat thickened, and covered 
with hyphae. The spheridia havo the form of Banunculus on vdiich only the 
upper middle J^ritibecia are developed synmetrically, the others being 
cArved and bent in all directions. The perithecia, thou^ they are free and 
superficial, yet are partly sunken into the spheriditon, vhich extends hal< 
T^y up to the semi spherical ape:: of the perithecia. The perithecia are 
from the base to the apeJL^rom 400 to SOOp, long. The thread-like asci have 
vexy flat apices and reach up to 300(1 it? length and 4(i in width. The 
ascoepores are filamentous, 100|i long with about 30 cross septa. On the 
day after transfer the ascospores break into segments ^idh germinate 
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63 
separately t the germ txA^s coming tram the endft of the segment 8« 
Four days later there Is formed a rich aerial growth of conidia bearing 
hyiJiae. 

C> Rolfsli Strr* and Hall (261) on Paspaltmi leave and • r 
P> dilata tum^ Syn. Sclerotiton paspali Schw* ^ 

Sjiiacelia paspali Bo met 
Spermadia paspali Fr» 
As C, Rolf si i and C. Tjasipali differ only in their ascigerous 
viiidi was only recently- found, it is necessary to give here also the 
synonyms given for C. pa spali, as. .their similar sclerotia have been re- 
ferred to indiscriminately under the same synonyms. 

Sclerotia yello? to gray, globose, roughened v;ben mature, 
about 3 utR. in diameter; sfherHium dull yellow; stipe filiform but 
thicker than in C > pas^pali, 1 to 1*5 cm# long; peritheric few in sjheri- 
dium and mostly upon extreme distal portion^ cylindrical, ovate, 616 by .^y 
Z^5^x; asci cylindrical, 375 by 3^; spores filiform, 260 to 275 by 0.5 
to Ip.. 

C> sesleriae Stager on geslerla coerulea dnd possibly 
on 3> ar^a^tea . (225) 

The Claviceps of Sesleria has been listed as C> T)urpurea > but 
St^er, vitio made a careful study of the fungus and made a number of In- 
oculation escperiments with it, considers it as a distinct species vghich 
he called C . ses leri ae. It does not pass to any of the typical C.. 
r>urDurea hosts and is morphologically somevAiat different from the latter. 
The conidia of C. purpurea are 7 by 3.5|i, the conidia o f C# microeephala 
are 7 to 8 by 3 to 5|jl, ^ereas those of C« sesleriae are 10.5 to 14, by 
3.5 to 5.3 to 7|i. Besides a cross section of the sclerotium of C. ses- 
leriae represents a different picture. In the middle of ^e lAiite mass of 
the sclerotium there is a darker portion in a star-like form. 
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Here is Stager* s diagnosis of C^ sesleriaa > "^StrorDasive 
sclerotlum fungilli vulgo linearp-obldsBum » obsolete trigonum, restum 
arenatumvet e parenchynate densissimo duro albido constatt cujus icedia 
pars in stellae figuram redacta obscura.- Capitula crassa, priraun pallida 
lateolaqae, postea purpureovlolacea* 

Spensatla ovato-elliptioa, 0* icm» 0105 usque ad sm, 014 
circiter loziga« nnt 0035 usque ad ran, 007 lata nonihil in znsdio con- 
stricta praetereaque nuceolis duobus oppositls donata.»» 

C. setulosa tQarfl)Sacc. on Poa (26) 

Syn. Cordyceps setulosa Qutfl.(202) 

Spheridiuin 1 ran in diajneter, globose, leathery bro\m colored, 
slightly \7arty, because of the fine papillae; stipe flexuosus slender, 1 
cm* long, erect, covered at the base with vihite 9&llE-likB hypfxae, asco* 
spores strai^t, filiform, 50|i in length* 

Ergot on poa in the pastures of Jura mountains, finance, C 
triosaci Stev* and Hall on Tripsacum dactyloides (261). / 

In Dite wxmtAr and well into winter characteristic fungous 
gro\7ths are often seen protruding from the basal, ovulate, portions of 
the spike. Sometimes nearly evexy s^lelet is affected* The structures 
are white from 12 to 20 mm# long, and about 2 to 3 ran thibk* Toward 
their tips they may be brovtned and mere shrunlcen than in regions near 
their bases. Examination of the affected spikelets show the seed to be 
absent and their place to be occupied by vbite sclerotia approximately 
the shape of the seed of the host. In general, the appe:irance is that of a 
Olaviceps sclerotitun except that it is -white and soft, the protruding 
horn being the remnant of the suraner stage. 

Throughout the early part of the season the protruding part 
bears ngrriads of straight to luimlate spores, showing strong, resemblance 
to the ordinary lunula te Pusarium spore. 
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In spring the sclerotia germinate » the stipes forlslng and 
producing two or even four heads upon the sane stalk. Following is 
Steven's and Hall's diagnosis of the fungoa^ 

**a!he sclerotia of C. trinsaci is smooth, vdiite to dai*lc bro\in 
or blackt nearly conical» 4 to 5 ran. in diameter at base; sxberidiat g3ray 
to grayiah-vAite, stipes thick, ^sAilte to purplish vAite, 1 to 1.5 cm. long; 
perithecia numsroust elliptical in longitudinal section, with a short 
beak toward the surface of the spheridium, 390 by ISS to 187|i; aeci 
cylindrical, 145 to 175 by 2 to 3|i; spores filiform, l^O^x long; conidia 
hyaline, continuous, fusoid to lunula te, 17.4 to !=57.7 by 2.9 to 8.7n/» 

C. wilsoni Cooke (44) on Gl vceria f Mltans 

Synonyms: Barva aurantiaca P and 7/ils. Clavicens 

Txirnurea a?ul. var. V/ilsoni Y/. Smith. 

Elowright and Wilson (195) described first this species as a 

parasite on ergot uzider the name Barva aurantica . as they could not get 

trivial is 
infection with the fpores on v^iieat, on rye, and on Poa kKiicimttg . They 

fluitans 
should have tried G- tMptSSL At that time it v/as considered as an ab- 
normality of 0, nor-purea. and W. Smith described it tinder the name C. nur* 
mirea Tul. variety Wilsoni. He thought that this variety owed its origin 
to its peculiarenvironment, so different as it is from the environment 
of \/lieo-t, rye and other cereals, namely, wet and muddy places in stagnant 
pools ^nd slov;-runrirg streams. 

Tlie scle«tium of C> v/ilsoni differs from C, -purpurea in being 
vAiitish or jrellowish instead of pale purple in color, and in the perithecia 
being almost free on an elongated club-like growth instead of being imnersed 
in c globular head. Ilany of tlae stipes of this species are hair-like, others 
are attenuated upwards from a thicker base and the sjiiaeridia bear no peri- 
thecia. The v/hole growth is less firm tlian that of C. Txurnurea . In some 

instances the base of the stipe is so thick that the Claviceps siqperficially 
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66 
resombles a parasite upon ergot rather than a true fruiting condition of 
ergot itself* SoisetiioBS this effused norceliuzn spreads over the ergot, aixL 
several clubs arise from one stratum of n^celium, i^ich may have emerged 
from one minute hole or crack in the sclerotium* ^e poles of the grass 
flavor are sometimes attached to the sclerotium. 

The perithecia are superficial, scattered throra^out the upper 
^If or tvTO- thirds of the club-shaped stipe , on the average the same in size 
and character as those of C> xuruurea* In cross section they do not differ 
from C, purT3urea > The asci are cylindrical, ZCfi to 250 by 30jx* The conidia 
are elliptico- lanceolate, borne in chains on the end of branching 
conidiophorous hyphae, and 10 to 12 by 2 to Sp.* 

C# wilsoni has been reported from Great Britian and Switzerland, 
it is probable, ho\i;ever, that it occurs in other countries as well but has 
been overlooked • 

Clavicens so . on S-partina stricta ,j^ — / 

Thazter (248) viJao first found this fungus, thinks that it is a 
speciea as different from C> purtnirea as is C# niicroceTfaala, He concludes 
this from the fact that its sclerotia germinate first to\;ard the end of June 
and the beginning of July. No other information concerning this species 
is available. 

Clavicens st> . on Zizania awuatica and Z. T>alustris 

This species of Claviceps vuhich has not been studies in detail 
has been referred to by several men under the nam e C. murpurea Tul. Pyles 
(76) who.'studio* it and conduttod some inoculation experiments, finds that 
its sclerotia germinate t^vo months after gathering and usually sand out 
numerous stromata. The greatest number he observed was forty-ei^t and the 
least ttleven. Broken pieces of ergots produced 3 to 7 strom&ta. The 
spheiidia of the stromata are light buff in color with lavendar stalks, be- 
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ccmiing deeper \>TO\m aijd sll^tly reddlih vdih age, and 2*5 toS.S cm in 
ditoeter^^ The ostlloles give it an aprparanee like diiDinutive spiked clubs 
and the stipes reach a length of about 5 <an* At the hei^t of ma tori ty, the 
p@rithecia moasoro 250 to 325|i in length and 150 to 160 in ^dtli. 'She ascl 
are 200 to 215|i long and 4|i wide* The spores are 150 to ISOp. long, tri- 
ceptated. Trie conidia measure 9 to 12|i in length and 2.5 to 3 •Six in width* 
Because of the difference in the measurement of conidia the ascospores of 
this Claviceps and C* purpurea and the fact that plants readily infected 
v/ith spores of the latter proved imBime in his e2':periments and from some 
other biological features, Pyles feels justified in considering this ergot 
a distinct species, the diagnosis and scientific name of \&ich he will 
give in his forMlcoming paper upon the com:^jletion of his viork* 

INETICTION "^^^lERnENTS . HD Si-ECI-ilSED R .CES OF SOME Cj./vVICEPS SHECIBS 
As is the case vdth other cereal diseases, it has been suspected 
for a long time that the Claviceps of cereals and grasses is not one and 
the dame species on all of the numerous plants attacked by it* Stager is 
the first and only vx)rker who has stiidied some of tho knam Claviceps species 
from *he standpoint of specialized races* He did this work during a period 
of ovei ten years and contributed much toward the better understanding of t 
this genus* Valuable as his work is, much more ill needed and further 
studies ^/ill, no doubt clear up many points vihich are not well understood. 

The results Stager obtainedare convincing as far as they go, 

/ 

but a £preater number of inoculations, espeiially cross inocula.tlons, may 
give somevdiat different results, or at least eliminate the last doubt as 
to the correctness of this \7ork. 

Tlie methods used by St^^r in his inoculation work ./ith Claviceps 
are very simple* The plants to be infected are brought to the greenhouse, 
or any other room, a v/eek before flo^^yerlng so cis to avoid external infection* 
The infected plants are kept uncovered in the greenhouse, j(i5e?fflf^@N8P$lC 
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according to the kind, or Idbda of Inoculuzn used. Stager in most cases 
used conidla for inoculation. In sach cases the *%on^ dew*' is gathered 
carefully in szoall tettles froD tbe infected plants* corked tightly and 
kept In the dark until used. Before ihoculation the '"honey dew" is dilut- 
ed ^1h Tsater and the heads to be infected are either dipped in the dilu- 
tion or sprayed \vith an atondzer* Ascospores ney be used in tbe same \9ay« 

The plants are inlculated a3r/ays at the time of flowering, neMer 
before or after flowering. 
This species goes to: 

Alopecurus pratensis ? 

Anthaxanthum odor a turn 

Arrhenatlierum elatius 

Briza nadia 

Bromus star ilia 

Calamagrostis arundinacea 

Dactylls glomerata 

Festuca pratensis 

Hierochloa borealis 

Hordeiam murintm 

Hordeum vulgare 

Bialaris arundinacea 

Poa alpina 

Poa caesia 

Poa conciniia 

Poa hybrida 

Poa pratensis 

Poa sudetica 
!• Only very slight infection, results not convincing. 
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It does BOt go to; 

Bronus erectus 
IfoliBla ooerolea 
Foa axmoa 

Pea fer tills 

1 
Triticinn spelta 

Ihe £. pcuroorea froin tye attacking the atove listed plants ^ / 

is considered >y SttCger as the typical C« rforporea in distinction from other 

C > porporea \\hich shall h^ considered in the following pages* 

PeBtuca arundinacea (273) 

Claviceps from Festuca goes to: 

AnthOQcanthtOD cdoratuzn 

ArrhenatheruxQ elatiiis 

Daotylis glomerata 

ISelica nutans 

It does not go to: 

Broxnas erectus 

Foa alpina 

Anthoxantfatan odorattim is easily infected in this case In^ no 

sclext)tia or only radinentary sclerotia are framed, 

The Claviceps of Festaca erundinacea is typical £. puryu roc X)f 

rye as it goes easily to some of the coizpcon hosts of the latter species. 

It is interesting to note here that Melica nutans is host 

of two different species of Claviceps, the first heing £• sesleriae . In 

both cases, however, it can be infected only under artificial conditions* 

1 

The cause loay be the closed flowers or else its ergot is a different 

specialized race. Digitized by GoOgk 
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Hrfect^on OCTftriiBenty i^^ffi^pl, ty^n m n^ nonidia from 
Anthoxanthim odomtm. infected or^ffij^^iy ^th ascogpores of C. igDrparea 
from rve. (248) 

Brofflus sterilis 

Cala^nagrostis arundlnacea 

Festaca pratensis 

HordetUB xxnrinum 

Hordevm vulgare 

Poa conixressa 

Poa saditlca 

It does not go tos 

Brosus erectas 

Glyoeria f liutans 

Olyceria distans 

Loliuxn italicum 

ifOlium perenne 

LoldtoD tessxlentum 
Nardas striata 

Poa alpina 

Poa aazma 

i^nthoxantbozD odoratum is easilj^ infected wilix ^« imrparea 
Of rye 9 and the conidia produced on it in tarn infect the t^ical hosts of 
this species. Sclerotia are^ however, never or very seldoza forxosd on 
Anthoxanthmn odoratum ty the typical ^« -purpurea of rye« A special biologic 
race of the samsp which v/e shall consider next» produces abundant sclsrotia 
on the host. 

C^avjLcepg piypgr^a. Scat«PB?ttte fomiMf biologic race 

on Anthoxanthian odoratum (252) 
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71 
This race goes to: 

Anthoxanthnm odoratton 
Arrhenatheruin elatius 
Holcus niolle 
Poa pratensis 
Secale cereals 
It does not go to: 

Hordeum vulgare (single plant in the field) 
Bactylis glomsrata 
Koeleria valeslaca 

Lollton perenne 

1 
Milium efftisum 

Sesleria coerulea 

Moxrphologloally the sclerotia foraing Claviceps of A. j^oratum 

is the saire as C. ■porTCirea . the only difference heing that this forms 

abtmdant sclerotia on 4* odoratom ^jgliile the typical £• -parrorea from rye 

Tolhioh also attacks A. odo ratuy neYex, or only very seldom, tarmM sclerotia 

on this host, and the sclerotia when formed are very abnormal and small* 

Claviceps mirtmrea biologic form ixssOk Byagly- 

iQodirun 3Uvatj,(?Rm (248 and 251) 

It goes tos 

Brachypodixnn silvaticum 

Milium effusum 

Poa pratensis 

Poa trivialis 

It does not go to: 



1 

In poor condition at tins of infection; result xmcertain. 
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caespitosa 

Arrlienatheruxri elatius 

Holcas iDDlUs 

lolitOD itallcQjD 

IfoUiiia coeralea 

Poa alpina 

Secale cereale 

Sodleria coeralea 

Conldia from Hilltun effusum infected with ascospores from 

A aa i Umxj aiXBP silvaticum do not go to : 
Brachypodium 

Aira caespitosa 

ArrhenatheroBi elatius 
Bracl^ypodium 
£jC|fd>9Xxadsna pinnatum 

•* " var. oaespltosuxft 

" silvaticum 

BroBias ereotas 

Glycerla f liutasia 

Poa cereale 

<* neiDoralis 

" pratensis 

" trivia Us 

In connection with this experiinent is the interesting fact 

that Poa trivialis and P, pratensis are slightly infected Tsy ascospores 

from B, ^llhffiJbitwan only a very snail ainonnt of honey dew being secreted 

and no sclerotia fonosd. On the other hand they are not at all infected 

by conidia from the same, as is shown in the case of inoculations with 

conidia* from Milinm effustm^^ it is to be noticed from previJDM ezpesl- 
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XDonts that the poa species are infected only tenrporaatlly Ijy various 
biologiO races of Clavicep8# 

It is further interesting to note that Brachypodixan 
ailvaticnm. the only real host of this fonot flowers much later 
than the fungal ascospores are produced, and that direct infection 

is iinpossible* The fungus has been forced, therefore, to aCapt itself 
to another host \^ich is found usually in association with the first 
rnd vjhich flowers jusft about the time of asco spore production. Tbis 

is Milium effusum. Milium effusum is in blossom about the end of May 
and at the same time the ascospores are discharged from the perithecla. 

These spores germinate, establish themselves ve y easily on M>effusum 
and produce an abundant and long-period secretion of honey dew* 
Sclerotia are not formed, however on Milium effusion , or only very 
seldom, nnd such, when occurring, are only rudimBntary* 

Mean\5iile, the B> silvaticum sends out its flavers vbich can 
easily be infected with the conidla produced on M> effusum * Then 
numerous* sclerotia a3re formed. There are necessary, therefore, for 

the full development of the fungus, under normal conditions, tvvo host 
plants; Bradivnodium silvaticum and Milium effusum ^ For this phenoirenon 
we find an analogy in Sclerotinia ledi > 

As is known, Woronin described for the first time (1896) 
an Ascomycetous form with heteroeceous habit (Sclerotinia lediJ 
At the time of ascospore ripening of this fungus the host Ledum is 
not yet developed^ The spores infect first Vacciriium uliginosum which 
is in proper stage of developaent at tliat time and frcan the latter 

the fungus paeses to its true host* 
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gJiftYlO^P^ Pf Bait\m,9tfHffror gag? a§ gft fit §»T»tlOTB i^ 
It goes toi 

BfiiMdbypodltiBn ailTatiCtOB 
HllilOB effQSUBQ 

It does not go to: 

AjnebexiatharQZQ elatius 
Festoca pratensis 
Holoaa Baollis 
Secale cereale 
This flbows that the Claviceps on Mllitm effaspm is the sane 
as that on B^AhhimAAimi ailvaticiMfy and that it is not the saiss as the 
C. porp orea from rye hosts. 

Infection experixnsnts with Claviceps of lolitexperenne (248) 
Clavioeps from L. perenne goes tot 
BroBus erectus 
Xolitm italicom 
" perenne 
*' temleutuin 
It does not go to: 

Aegilops bicorais 
Alopecuras pratensis 
An^CKaatbcuD odoratum 
Arrhexiatherum elatius 
Br^chypodium silvaticuii 
Bronns inacrostachys 
Panicuin sangainale 
Poa pratensis 
Secale cereale 
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Horxiiologlcally this ap^elas do^tt not differ from £.• tkitput^ 
cm rye and is, therefore, a Mologlo race of the latter 

ftioca;attC>?^ ^W^rXmnXS 
P^YtOTPg irfCT9C9TtfT^la ^Cal. from Hiragmites ffpPPWnlg (2«8) 
It goes tos 

Molinia coerulea* 

Nardis striata 
It does not go to 

Alopecuras pratensis 

Anthoocaathoun odoratom 
Arrhenatherum elatius 

Hordeun Burinton 

lolixsD perenne 

Poa hybrida 

Poa nmoralis 

Poa sudetioa 

Poa trivlalis 

Poa^'Sponisdher Doppelroggen" 
Conidia from the 8a» species and biologic fone from 
Molinia ooeralea izpon infection gave positive results on: 

Aira caespitosa 

Molinia coeruOea 

XTardus stricta 
It does not go to: 

Calanagrostis arxmdinacea 

Poa species 

Sesleria coerulea 
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Mra 
Gonidia frosQ caes'^ltoaa prodnce Infeotioxt on Molinia 

coaralea ^ Imt do not infect Spanish double*rye« 
It infects: Poa anma 
It does not infect t 

Alra caespitosa 
Arrhenathenon e latins 
BroDUd erectus 
Eordeu&i sativtmi 
lolium italicum 
" perenne 
'* rigidom 
Paaicvon mLliaceum 
Poa alpina 
Poa oaesia 
Foa cenisia 
These results indicate that the Claviceps of Poa amxua has only one host 
and that it does not pass to the tj^ical host of C« purpuzea^oA rye* Its 
host is not infected hy any of the otber Claviceps sp. or hy C« wrporea 
hiologic races as fihovoi iit pr^Brlous experiments* 

Xn his paper (250) StSger considered this fungas as a dis- 
tinct biologic race of C . purpu rea of rye, but in his later paper, (252) » 
after careful inorpho logical study of its ascigerous stage, not nade before 
he considered it as a biologic race of C> microce-phal^j st,. o f Phagmites 
ooiimmis^ and called it Clavicens TPi^T^^??tf?^?^ Tulasne, spez. ^l9l9«^ca 



lBf?9U0B e?cppr^p]^yi^s yjt^ ffi^ftvj^g^p? st §ft9l94ft 
QO^yul^a fyoff yiwa^ {M^tftril^nfl (24&) 
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It goes to I 

Melica nutans 

»• tmiflora 
Sesleria coeralea 
It does not go to 

Anthoxantliuin odoratum 
Arrheiiatherum elatius 
Brachypoditun caespitosum 
Bronus erectus 
Saotgrlis glome rata 
Festuca pseudoiDETurus 
Holous molle 

»t lauatimi 
Hordetmi Irulboetan 
Koeleria valesieea 
Lolitan perenne 
Milica ciliata 
" effusuin 
Poa pratensis 
Poa alpina 
Secale cereale 
In nature Claviceps sclerotia or the conidial 8t«||e of same 
are never found on Melica unif lora and H* nutans • Infection takes place 
only under artificial conditions and here it is only slight, sclerotia 
being never foxmsd* 

CILS!rS<aqgu3 from the same host and from Xeuenen infects only 
Sesleria coerulea, but does not go to any of the above listed hosts of this 
Cl^'-^iceps. This shows that the climate and locality mi^t have some 
effect upon the adaptability of Claviceps to some hosts. St^er considers 
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ClATtQeps from the sane host and froa Xauenen infects only 
Sesleria cocrulea, but does not go to any of the above listed hosts of 
thi;8 Claviceps. T^ift fthows that the climate and locality mi^t have 
some effect xrpon the adaptability of Clavlceps to some hosts. StSger 
considers the Olaviceps on jSesleria coerulea not only as a biologic race of 
the £.. TJorporea on rye^ but he things that it is a distinct species to 
?Siich he gave the name Si. sesleriae> tinder ^^hich nacie it is described 
in another place in this paper. 

Infection esrperimsnts with daviceps 
from Glyceria f liutans (248) 
It goA^ only to CJtyceria f liutans, but does not go tot 

Aira flexuosa 

Ammophila arenaria 

Anthoxdnthum odoratum 

Arrhenatherum e latins 

Brachypodium sylvaticum 

Bromus erectus 

Calamagrostis arundinacea 

Cyno suras cri status 

Dae ty lis glomeiata 

Festuca pratensis 

Holcus mollis 

lolium pereniae 

Nardus stricta 

Poa annua 

Poa pratensis 

Poa sudetlca 

Seoaie cereale 



Digitized by 



Google 



•v ,.y: 



;t>; 



. ^..) 



.. -'^I'VCf 



."'-.-< T:.: i .' 



..v;;iv. 






Digitized by 



Google 



79 
Stager did npt nftte detailed worphologioal study of this 
species \rat be thinks that it is the saine as Claviceps JEULSSBl Cooke. 
Inocmation Q ^nperinent wUh Clavicws frott gtaantft (76) 
Ihis species goes to: 

Zizania aquata 
Zizania palustris 
It does not go to: 

Agropyron tenerum 
Alopecuras pratensis 
Arrhenatherum eXatius 
ATona sativa 
Dactylis glomerata 
Elyxmis dsystachys 
Hordeum vulgare 
Poa pratensis 
Seoale cereale 
fyies (76) considers this txaagas as a distinct species, 
different f row JC^ .Burpwrea and from all other Isnown species. 

SOXICOIiCGT 
History 
£s early as Caesar's and Galen* s (1) times some diseases ajDOng 
nan and heast have been attributed to ispirities in the. grains. The 
epidendcs reported dxzring the middle ages and kno^m as "Ignis sacer" \9ere 
at least partly due to ergot. 'IMtiilje such epidemics have been rare during 
the last tiYO or three centuries ^ they were macb more conmDn during the 
early tiras. Ihe"Holy Pire" in 922 in Spain aad Parance alone is supposed 
to have taken 40,000 lives. 
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ScttD of "Qie Hiost iKportant taxovax epldamlcs presuaoably 
caused by ergot are thoee in Sileaia In 15ea, Saxony in IMB, Cologne 
in 1690, Preiljurg in 1702, 9nltz^x^rA in 1709, Silicia in 1736 vAiBve 
330 out of 500 cases resulted in death. In this case, the iciz)^ of 
Prussia ordered an exchange of socdqA rye for the affected grain. There 
WkS similar trouble in Denmark, Sweeden and Norriey, 1761; Titestphalia in 
1770, and 1771; Lorraine and Burgundy in 1816; Hassau in 1856. In later 
years epidemics have been more frequent in Bussia. In 1854 an epidemic • 
broke out in Crimea among the soldiers, in 1862 in Finland and in various 
other provinces in 1865, 1872, 1879, and 1880. In 1884, there were many 
cases of ergotism in the pMyince of Poltava, vftiere ma^ people died, 
lost a hand or foot due to gangrene, or became paralyzed for the rest of 
their lives. Since that time several severe epidemics have occurred in 
Bussia. Single cases have been reported during the ninteenth centurjr in 
Berlin, FomcBm, Braunschvveig, Great Britian, v*arious districts in France, 
United States and Bulgaria. In 1608, after inundations and heavy fogs 
there ivas a general epizootic among the cattle in Oemany* In recent 
years a zxumber of ergotism cases among cattle and horses have been reported 
from various countries. 

Brgotism as loioxm now is a disease of bovines caused by the 
consumption of considerable qtantities of food contaminated by ergot. 
Bquines are apparently less susceptible than bovines, althoujjh the horWi> 
have been known to suffer sererely from this disease. Ergotism in men is 
not an unknown occurrence at present, and in nearly every instance it has 
resulted from eating bread made of ergotized grain. 



(l) Galen, Claudius. Oreek physician and medical writer. 
A. L. laO - 200 ? 
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Brgot also causes al^ortion sad In sooe years the loss to 
stodkssoi from alKsrtion of oows asd mares 1^ heavy, this is greater in 
seasons vtoBn there is an xamsoal Abundanoe of ergot on the grasses • It 
is certain also that the general health of the aninals is iioipaired l)y ergot. 

She properties of ergot to tthfhit proper hlood circolation 
and to oause abortion have been knomx ever 9inc^ the middlo ages* 
lonicer selected and used ergot as a drug in 1573 and ever since it has 
been regularly used as a drug in cases of protracted labor and excessive 
haemorrhage. It is daimsd^ ho^wever^ by Bauer (IS) that Br. Steams^ 
of Hew York England, vmn jporobably the first vflio used exgot most affectively 
in such cases about 1622 # 

gyiSPt MlffB9ffUi«L 

the exact chemical congposition of ergot is not vpell under* 
iiftbd. A >iUHi>er Of 0010)00^8 ba^ been leoUted by varioat wortcar. bat 
Just tibat they are^ their chemical fonmilaeg and properties are not 
\9ell lokcrm in all cases. 

In 1675 Tanret (266) succeeded in isolating a pure sobatance 
from ergot lOUch he called **ergotinin**. 

in 1864 Robert (136) discovered three new bodies in ergot: 
ergotinic acid^ comutin^ and qphacelic acid. These » according to the 
author » are not ebenically pure bodies but ozily jliysloljogic actions* 
Srgotinic acid- is a nitrogenous glucocide without action on the uterus 
and narcotic in its effects. It is a protoplasmic poison^ and. vshen inject- 
ed intravenously produces inflasBoation of serous and macous meoibranes, 
disintegration of red-blood cells and widespread eccfaymoses. In spbacelic 
acid Kobert thought he had discovered the agent causing contraction of the 
uterus » vftiile he considered cosnutin as the agent causing strong convulsions 
and later paralysis and not the pain causing constituent of ejrgot. In his 
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later work (137) he attributed the medical action of ergot to comutin. 



.cUMi:''^:.i 






•i.o . .. 



• f ^ :>Xlf.' 



n . ,• • • » • 






:;.•** . ." .;.r .^/^ ai :»-iv:'.* *■;:( •;:v^/.:-^f -j 

' ^ ' .' i • '*■ ;" 



-.r.ci 






.:.*;• 



••.». :» 



r- ::j 



v -I • 



..:o ; 



^.^• 



:4*'V .;^.:v 



. : . i v. 



•j Ji;. 



•♦••^"1 



' > 



to h;-: X 



ti 



>• i. 









Digitized by 



Google 



m 

This Aovvs that he was vorldnfi^the first caea xvlth chemically linE^ire 
substances* 

Keller t 1896, (331) ^vorked out a method for the quantitative 
determination of the alkaloids in ergot and found that the only pure 
alkaloid present in ergot was identical wLth the "Ergotinin Tanret", 
luhich was declared earlier by Kobert as inactive • Further Keller, as 
well as Tanret, claimed that lobert's comutin was partly decomposed 
ergotinin* In spite of this disputed question, Keller preserved the 
nsune comutin for the pure alkaloid and considered it as the bearer of 
the ergot properties* 

Santesson (226) gave ^ pharmacological test to Keller *s 
original preparation and came to the conclusion that co^roitin did not 
have 1^ properties of causing contraction of the uterus and tbat it 
has only a rather weak poisoning property « 

Jakoby (122) basing his concluslong primarily upon 
fharmacological experiments, found that noi an alkaloid but a notrogen- 
free substance of phemol-like nature was the active agfint. This active 
agent, vfaich he called sphacelotoxin, is of a more hypothetical nature. 
Spbacelo toxin acts on bases as well as on acids* Sadb. a compound with 
an acid is tho chrysoto:cin and the same with an aUnloid is the secalin- 
toxin. By purification the secalintoxln loses its action* In pure 
condition it is called secalin, ^dlich is nothing else but ergotinin* 
Such was our knowledge of the QOinpositlon of ergot at the 
time (1901) ^en Kraft took up the study of thfts question* He worked for 
five years on this problem and was able to gltse a somevdiat more coxnplete 
list of the conpouzlds found in ergot* 
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AccoidiBg to Kraft, ergot contalnst ergotinin (Taaarat); two al]ialaids, 
crystalized ergot Jnin (Tanret) and ajnoniho«© hydi-c ergotinin (Kraft); 
a group of yellow oolorod lactone acido: seoalone acid and ite amorfhous 
relatives; a vAiite independent ^c id; and also tlie otherwise comsDn 
8a1)stance8: "batin, cholin, and nssinnit^ 

The allcaloids are convulsion and gangrene producing po&sbns., 
bat not the agents of the specific action on the uterus « 

At the same tijoe, Srofessor Vahlen (282) pablished his 
work on clavine, a new cxy.stalized substance vSiich possesses the specif ie 
action of causing contraction on the uterus* This coarpletes the list 
of Imown cheinlcal coinpounds found in regot* 

Yahlen isolated a pure substance from ergot called Clavine 
TBtiidbL stifiulates the contraction of the genital organs but laciks 
entirely the gai^enous and other properties of ergot* The qaantity 
of clavine amounts to several grams per Kilogram of ergot* It has a 
dull taste and is not colored by the aUaloid reagents* On the uturus 
it has a specific action ^K&ich it stimulates to more or leas rspid con- 
traction* Up to the present there have been successfully applied doses 
of 0*02 grams in subcutaneous injections or in tablets* 

Barger and Sale (12) claim that the amorphous allcaloid 
^idi Kraft called and considered as hydroergotine is not exactly 
hydrolized ergotinin and that it should be called ergottain as Barger 
and Carr (11) had named it only a month before Kraft^s paper was pub- 
lifiOied* Contrary to Kraft's and V^ihlen's assertion they showed by 
numerous experiments on various animals that the action of ergot was due 
to two substances* 

The allcaloid ergottoin ^^^a^P^k **^^ claim is chemically 
and physiologically identical with Kraft's hydroergotinin, causing 
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gB2)igre:ie on the combe of hens, increasing of tbs blood pree&ord 4nd 
contraction of the uterus* These actions are caaeed by the aUcaloids 
and not as Vahlen supposed by an iinpority found Irir it# Shis alkaloid 
is the specifically active part of preparations lilce spibaoelic acid^ 
sphacelot6acin, etc. In ^nater esctracts of this alkaloid it coibss only 
in ssctli quantities* 

In Miiker extracts \9hich cause also an increase in the 
blood pressure and contraction of the uterus , the active principle is 
the ^tersoluble base, p-oxypheryl-ethylamin, HO.CgH- pIJg.CHg.MHg, ^ich 
resembles aerenalin chemically as v.iell as physiologically. 

Xhoy showed also that the clavine preparations are a ndrture 
of amino acids and not a pure substance as Vahlen held it to be. 

The quantitative coinposition of ergot is even ImsB Imown 
than its qualitative comrposition. It probably varies \dth samples, 
small ergot is supposed to contain more alkaloids than the larger ones. 
According to H^rtwich, (9(H, C l^. m lcrocephala contains three times as 
mach ergotinin as those of C I. pury area. 

Srgot is supposed to contain (205) about 30 percent 
fixed oil ( ). Besides this the Spanish ergot contains about 0.3 
percent ergotinin, Russian and Oerman about 0*2 per cent , Othere have 
given smaller percentages of these compounds. 

Some other sub stance & have been reported as being also 
present in ergot. Sudh are: a sugar called nycose, 30 percent a 
yelloifTish oil consisting of fats, (30 percent) principally olein and 
palmetin, glycogen (95), callose (168). The latter is pbobably identical 
with fungose, nycosino, etc. 
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gaiii pfl for ergot 

Because of the toarlo ijroperties of ergot it Is absolutely 
necessary to ha-ro some \9ay of AetermiziiQg the presence of ergot in flour 
and tread » as vrel] as )n the milling prodncts fed to anisals. !Chere are 
at present several loays in itfiich this can te done, and there are soioe 
differences of opinion as to sfaich is the sciost accorate and practicalDle • 

SjBgot can l^e detersoined in such products 'by treating a 
saajl amount with an alteli or an acid (177) • With the first it gives 
a violet « with the second a red color « Absence of color shows that no 
ergot is present in the treated sajBople* A good icethod is to talce two 
grams of flour, add to this 10 cc« acid alcdhol ( a solution containing 
70 percent alcohol and 15 percent concentrated hydrochloric acid}* It 
will give a red color even y/Aien only O.Z percent ergot is present (71) • 
Some claiiD that this method is unreliable because l^re are other 
iflopurities in flour which may also give red color while others insist 
lAiat no other isparities give this reaction* Qy heating a portion of the 
sample with a solution of caustic potaah a diaracteristic herring or 
trimethylamine odor shows the presence of ergot* 

The following is a microscopical test for ergot in flour* 
One milogram of fflLOur is placed in a drop of water on a slide, this is 
then heated to the boiling point* She starch streams away iBBBdiately^ 
permitting an undistnrbed observation of the object* The ergot particles 
are very ciharacteristic and by a magnification of 100 to 120 can be 
distinguished from other tissues by their density, by their dark violet 
color at the edges, the greenish yellow color of their cross walls, and 
by the particularly indented edges* According to Uax Oruber (83) this 
msthod is exact, expedient, easy to use and applicable for bread and baked 
foods* Others have criticized the method severely and doubted its usefulness^ 

Digitiz. 



n -^ 



.^ :• ',- 



:.-.rv. 



. .::• ^^: r- 



:"" i^: . 



'/ J -^ 



-) 



>• 



» 



.; » 






•t :. ,/ ■)■: • 



« 1 ' ■■ 



.•••1 • ;^.' .» A 



4 *r.. 



.,^0 vXu'> ;. - . ; i ./ • 



. ^ :v/' 



:i-. 






. t :■ 



Ki ^'t 



•0 r-iv^ . 



• . J.. ' • « 



.:th-: 



*2i" . 



^^f . 



♦*.:'/ r 



7 ! 



Digitized by 



Google 



86 . 

col oricDPCk trie 
In the f ; . ^ meaiod a sample of flour or bread is 

first boiled in absolute alcohol, the alcohol is dhaoged, and the boiliiig 

oontjjmed raitil no inore yellov/ color is given off. Then to it is added 

soine Vogel's alcohol and boiled again, the ergot color dissolves rapidly 

in this alcohol and the vtoole mass soon begins to become red in color. 

When to 20. grains of flour is added even Oa gram of ergot, thered color 

is still plaihly visible^ !Ehe solution is then carefully filtered tintil 

perfectly clear and coirpared in the coloiymeter v/ith a standard solution 

of ergot. Herrmann (102), vtoo first used this method, found that not 

all of the ergot present can be determined bjit only tliree-foartiis of it. 

For this reason he thinks that all inethods for determination of ergot 

based upon this principle are not good for quantitative determination of 

erg*t. He found, however, that flour containing even 0*5 percent of 

ergot will show a distinct red color vi^en tested by this methody and this 

is close enough to maJce the method useful for practical purposes. 

S# Hoffmann* s method modified somewhat by Lauck (14«$ is 

according to the latter, a much better nBthod for ergot deteannination 

than any of those previously described. In this case^ to 10 grams of ,a 

well idLxed saarple are added 20cc. (of coarser brans etc. 20 cc«). of ether 

distilled first over natrium. To the above is then added 1»2 cc# of 5 

percent 6t H^SO , the ^ole is thoroughly stirred and allowed to stand for 

3 4 

Six hours in well closed glass bulbs. The vOiole substance is then pcoored 
into a double filter inoi stoned with ether and then washed with ether until 
the filtrate is brought irp to 40 cc. The filtrate is placed in a test 
tube with a round base and to it is now added 1»6 cc of saturated solution 
of "dojjpelkohlensaureimatrium" • After a thorou^ stirring, part of the 
liquid separates on the bottom of the test tube which vajpies in color, 
according to the amoxmt of ergot present, from very light to dark violet. 
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Samples with 'very aoall aiDOuntii of ergot do not show any color y/ixBt^ 
tested "by this nstliod. Laoielc v^s able* however » to flhoxr the presence 
of at least 0*5 per cent of ergot « He established also that ergot loses 
\7ith time some of tls coloring matter and that no other inipurities in 
flour of i>lant origin give the same color or any color at all. 

Mj*6en (178) has given ns the specter scopical vay of ergot 
determinationt but this is so complicated -.aaid of so little practical 
value that it i^vill not be v/orth while to describe it here. 

Strasburger (263) has given us a test for ergot in the 
faeses. The faeses are mixed with water, sediraented and the sed4ments 
obtained further purified aad then tested for ergot by the addition of 
acid \;*ich gives a characteristic red brown color to the ergot tissue 
with its enclosed oil drops. This color is visible upon microscopic 
exaxnLnation. Ergott as is also true of other fungi, because of its 
chitinouSf membranous nature is very slowly digested so that after taking 
it even in small doses the ergot will come out with the faeses unchanged. 

E rgotism 

Ergot has very marked tcccic properties aad when taken in by 
animals in considerable qtzanfiittes with infected hay, grain, or in.the 
pasture is apt to bring about distinct pathological conditions, depend- 
ing upon the kind of ergot, amount consumed, and length of time during 

r 

Which ergot has been fed in one or another form, and also upon climatic 

conditions* Cattle, horses, mules, sheep, hogs, dogs, cats, and fowls 

are known to s:^affor from ergotism. 

Kobert (136), r^o esrperimented chiefly with cattle and fowls, 

found that an acute case of the poisoning can be distinguished fr<»D a 

chronic case also a gargrenous ergotism from a spasmodic. The disease 

manifests itself amoug animals chiefly in the chronic form, since^ 
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M a rule, the poison is acquired in enall aanounts, and accxiinalation 
taktaer/l^lace slowly* 

Xhe gastroenteric ^ynxptoms of the disease are; an excessive 
salii^tion accoispaaied with redness, T^listering Inflanasation^ coasting and 
gangrenization of the iBOuthp^epithelium. Similar dbanges also occur on 
the epithelium of the gut^ producing vomiting, colic^ diarrhaea^ and 
constipation* Chese symptoms a|^h9 4jk:to^ spasmodic and gangrenous forms 
of ergotism* In the spasmodic type of the disease, symptoms of over-stimila- 
tion of the central nervous system appear. There appears also tonic conp- 
tiractions of the fliaxor tendons of the limbs, anasthesia of the extremities 
mascular trembling, general tetanic spasm, convulsions aoid delirium* 
Hervous phenomena, such as insensibility, blindness, and paralysis also 
appear* 

Gangrenous ergotism is attributed to prolonged constriction 
of the arteries and more directly perhaps to degenerative changes in the 
vessel walls, and the consequent formation of hyaline thrombi. It is 
characterized by coldness and anaesthesia of the extremities, followed 
ultimately by dry gangrene of tSiis part* The effects of this dry gangrene 
are often very serious and amount to sloughing off of the feet, tips of the 
ears, tip of the tail, shedding of the hair, teeth, etc* The most frequent 
lesions are those of loosening of the hoofs so that parts of the sole or 
wall may shed or slough off* This trouble is found more in cold weather 
than in warm weather, althougji this is not alviays the case* The extremities , 
such as the ears, tail and lower part of the lildb^, gradually begin to lose 
their wannth and sensibility, dry gangrene sets in, the parts harden, become 
mummified, and finally drop off witiiout pain* Death talces place from 
exhaustion* With the exception of the gangrene, which may vary .Oillf^tly 
in severity, there are no lesions of special significance. Degeneratii 



ice . Degenerativer 
Digitized byVnOOQlC 



Ml 



'•\ .• \ 



• \ ::cr^; 



.. :-ir£t-, 



'.: \^:^.^o 'tri '...11: ,.- 






- f .. •: • ^ •'/<' r»7prf. ■^'t* v*'*'^-x-- 2 i'' i? • .^ •. 



tr 



f*;-.ivv; '• "-'jj;';^;:/ ,?.-:..•;.;»• ^^-f^: lo •>-7T •.» ^:Tr» .r;-^ vrii al ,. r^^; ii ^^s^r- 



cvi^^/r- 



^tr. 






. ■ : c.v.:-rt. '.: -r -, il ; 



• V :••■ > 



,.r'. 



r^j:;..];-^ 



* . , ^ . . . c. 



J .: .': 



•., ', J '.. •> 



. :> t .- 



'I • •; ;i. ••-;. .'•■.. v'^- ..r -./ 



J . V 



r*'^. 



^r *» : >;: kK:'. 



^.'/i 



. .'i' 



r - 



'a :':.'; •; . i-vu' ..■;.• 



;' r ■•;• 



•. C 



.» rV'-i 



;.;• *^.- \^ '. 



Digitized by 



69 
<2jaixge8 in the sensory area of 'the cord, in the. vessel ^»ll8 have been 
olDserved In aniioaia slowly poisoned wl^li. ergot* 

l!he disease aetee ite appearance aioong oattSie chiefly in 
winter and spring seasons and has, at tixoes^ been the oaase of serious 
losses throu^out the central and western state s. 

Consumption of ergotized hay by pregnant anii&als, especially 
COWS9 may cause abortion. Grass containing ergot is especially dajsaging 
to aniiials at the time vibm, the uterus is nestrly ready to exclude its 
contents* The ergot vgiries in its character .and strength according to 
the variation of the oeason and local conditions under mUtoh it has been 
grown, as well as the tixoe or stage at ^sdxlch it is harvested, so that 
the ergot of one year appears to be comparatively harmless, vbile that 
of another year, or season, or locality is very injurious* The fact 
remains, however, that under given conditions of growth It unquestionably 
causes ergotism and abortion, and in such cases the abortions are wide- 
spread in the herd or in different herds in the same district* Cases 
such as these are easily mistaken for contagious abortion thou^ there is 
in the system of the aborting animal no self-propagating germ viiich 
will produce the disuse if transferred to another animal* 

Che tox^cological effects of ergot have been tested ez- 
perirosntally on dogs^ cattle, swine, poultry, guinea pigs by Tsssier, 
Bro\m, Banck, and others* The results obtained are the same as described 
above • 

Horses i^xe also subject to ergotism. Wilcooc (295) reports 
a case vAiere sever&I horses upon eating hay which contained a great xnsnber 
of ergot sclerotia d^os within six tor twelve hours* The horses showed 
the following sy mp t o oi B; a general depression of the vital fnpettons, the 
respiration and puls^^ being slow and the sense organs being less responsive 
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than usual^ The course of the disease vss usually a rapid one and 
ended in the najority of cases in death \9ithin from six to t\9elve 
hourst the syinptoms during the latter stages of the disease being 
those of a general and aggressive paralysis of .the vftiole mascular 
system and mascular incoordination* The animal would lie do\m and 
get up rather frequently but did not show any excitement or pain, and 
death resulted in a very g3radual manner. A post mortem exantnatlon 
disclosed that the stomach contained considerable quantities of blue 
joint ^Nbich was badly infected with ergot* Numerous ergot sclerotia 
were still undigested* 

Horses pastured on land willi infected Agropyron, according 
to Buf fum (36) t began to lose their hoofs the second yeaXf and in some 
cases the manes and tails came out« In some cases the horses would 
not be affected for one D9 Itwo monthSt and in other cases they would 
show signs in a few days. The symptoms were those of ergot poisoning. 

Pammel claims that most of the ergotism in the IMited States 
results from the ergot on various species of BljnEDaSt and in Io>^ on 
Blvfflus robustus ^ which is a conmon plant almost everywhere. 

The action of ergot depends » according to UOller, on the 
age of the sclerotia. Four grams of newly gathered ergot is enOTs^ to 
cause narked illness in hens. Considerably later ten grams were necessary 
to cause illness, \diile five months-old ergot had scarcely any poisoning 
effect. 

Remedy foy Brfjp^^qff 

There is no effective antidote for ergot poisoningt and 
the control measures known are primarily pre vent4ve. 

The first essential i^ the . treatment of ergotism is tlie 
removal of the cause. 
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Tannic acid, the chemical antidote is given to neutralize 
the unal^sorbed portion of the poiacn« Chloral is the ^iiysiological 
antidote. In addition to giving the antidote the treatment is entirely 
sjnnptoiDatlc. Brown and RanK (32) recomnend epsom or Glauber salts* 
In ndld casest such as wounds on the tail or ears, they should be 
cleaned with carbolic acid and then treated as an ordinary wound. 

1.S only old sclerotia are poisoned s. Brown (32) recon- 
xnends mowing the pastures one or more times during the late sunmer and 
autufiait or as often as young sclerotia become abundant* The grass 
for hay should be cut v;hile in blossom so as to prevent the fozmttion 
of sclerotia. 

WilliriBS (296) claims that good pure water is a very 
important factor in ergotism* Animals not having sufficient and 
pure v/ater suffer more from 6rgot. 

Lack of proper shelter during cold winter weaUier is 
favorable to the disease « since the poison affects the circulation 
of the blood. Stocac allowed to begin in v/Jnter in poor condition 
are more liable to be seriously affected. 

Grain infested with ergot should be cleaned by screening 
by fanning it from the largest part of the sclerotia before giving it 
to the stock. According to V/ienzierl (292) 0.1 per cent of ergot by 
weight in grain is not objectionable. 
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galpe. In T/ienner Landw. Zeitung, p. 553. 

Digitized by VjOOQIC 



Vtt., : ■>. 



- .\ * .•» 



t '-• ' ^ . ; hi' 



n . ; i. 



• ' ;» 






• : ; - 



Digitized by 



Google 



ioa 



106. Hollrtmg^ U* 

1914 • Die Mlttel %ar BeMSmpfong der PflaaaenJapaiiaielten 
Berlin, pp. 63, 89, 90, 107, 114, 126, 209, 292* 
107* Hotter, B. 

I9O3. Versuch ulDer die Reinignng des Roggens vom Uatter- 
kom. in Berlcht uber die OTatlglceit d« laadw. cheiD. 
LaBdLes-VersuchS'-imd SaioeiDlGontrolL-Statlon, Oras« 1903, 
p. 1&-16^ 
106. Xs8at8dheii]od# B« 

1896 Ueter die parasitisdhen Pilze des Ooavemenente Cher 
son. J^ Beitrage sur Pllsflora Baeelands, T9 4, 
3tt Peterslrarg. 

109. Von IsttMttffi, G. 

1895. Ueber die Rolle des ZelUosxne liei der SntwiolBBlxmg 

der flLse. J^ Ber. I>etit# Bo^.Mps. ▼. 13, p. 452^7. 

110. Imnoff, Kt S. 

1899. Die parasitiSGhen PIIto i» Oou'venieiDent Tiflis 

(KaiQsasien) . In Zeitsofar. t. Pf lansenlowaBdi. , v. 9, P* 356. 
Ill* 



1900. Barasitisohe Pilze in der UH^bbngg.tfQnrst.Petcrcbcmre 
in Sonser 1898. In Trav. de la Soc. Izap. des 
Naturalist, de St. Petersbourg, v. 30 (Russian); also 
Zeitschr. f. Pflanzenkranlsh. ▼. 19, p. 97. 



11?. 



1903. Ibytopajdiologisches aus TraaslsaujAsien. JsL Zeitschr. f . 

V. 13. p. 221. 
113. Jasp. 0. 

1905. Beitrage zur Pilzflora von Mecfclentourg. In Annales 

Myco logic!, v. 5, p* 394. 



Digitized by 



Google 









^^.i.' ')> 









■•'.: U 



i: :• :.ij;. • 



:; • • y \\ 



Digitized by 



Googk 



10« 

114. 

1907. Bettrage mr Pilzflora Jer SGh^vela. ^ Axmales 
]|(70ologicl, V.55, p. 252 • 

115. Vaczewflki, A. 

1904. liatterkom md seine Beteaqpfung. Listok boriby boleen 
rastenijj St. Peterslrarg, no. 3, p. 1-4 (flasslaa) • 
fopajar description of ergot and its control by 
sedimentation. 

116. 



1906. Annual reports of diseases and injiiries of caltivated 
and wild growing useful plants in Rassia, v. 2, p. 26« 
Peterslsforg. (Russian) 



117. 



118. 



119. 



120. 



i907* Ibid, V. 3, p. 64 



1908. Ibid, V. 4, p. 28 



1909. Ibid. V. 5, pp. 16, 20, 37, 43, and 44. 



^jt^ 



1911. ^I^gj^il^t 4s? 4r Russland verbreiteten Pilalcrank- 
heiten in Jahnre 1911« J[q Zeitsdir. f. Mlanzen- 
loranUi., ▼. 23, p. 275. 
121. Jaikoby. 

1864^65. Ueber die Badiweissong des Ihitterkoms in Bog- 

genmahl. i]^ Phannac.Zaitiiebto. f. Bussland, ir.3; p. 25. 

122. 

1897. Arch. f. Path. u. IbarnaJcologie , -v. 39, p. 85 

On ergot composition. Digitized by GoOgle 



\.L * 



;j.- 't 



. Digitized by 



Google 



123. Jdhn, A 

1906, Katterkom abnormitaton* In Fba^mu Centralhalle 

V. 47, p. 943»'94g 

124. Jolly, Hi. 

1906. Die Elxx9d.rkimg des Itatterkoms auf die Circulation* 
Bi« !>• Di8S« VOttlngen. 

125. Jones, L. R» 

1890* Report of Botanist. Ja vt* Agr. Erp. Sta. 4th Ann. 
Sept. pp 129-144, fig. 1. 

126. Jorbi, E. 

1905. VBtib9- pflansliciie Vsinde der Ecatozen, die auf der 
Bntti tmd in deren Uzcgetang aofigefunden warden. Jn 
Jahresberioht der landw. Sobole Katti pro 1904^05. 
127* J aackiger. A* and Bandi, X 

1907. Arbeitta der Anskonftsstelle fttr Pflanzensdbuts der 
Iandw« Sdtmle Butti. J^ Jahresber. der Landw 
Scihxile Ruttl pro 1906/D7, 18 p. 

126. Janger, J« R. 

1904. DTe'ber den Idinatisch-biologisciheiL Zueaionenhang eftner 

Belhe Getreidelcranldieij^en wahrend der letzten Jahre. 

In Zeitsdir. f. Pflatizenkranldi., v. 14, p. 340. 

DissexDination of C« porporea by \7ind. 
129. Keeler, D. D. 

Poisoning by ergot. Jjj. Am. Vet. Rev., v. 38, p. 

251-252. Ergotism among horses. 
130 • Eeint z-Ger lof f . 

1902. Keue Studien uber Plasmodesmen. Jq Berl. Deut. Bot. 

Ges. 1902, p. 102, t^b. 4, fig. 47. ffoond that 

there are plasmic connections throughduk^'thai^^dbyvjOOQlC 



' Digitized by 



Google 



Claviceps B|7oelixim. 
131* i^eller. 

1896. Sdhwftis. Vocbensdhr* f« CheBi# u« Vbajcm.^ p. 65 
132. E&lrchl)ach« 

1857 • Eanllmclif Lelpclg» 1857, y« 1, p. 47. 
133» Klrdmer, 0» 

1907. Berlcht titer die Tatigkelt der K« Jknstelt fUr Pflan- 
zensohuts in Hohetheim in Jahre 1906. Jj^ VbdianblBi^tt 
fttr landwirtsohaft^ no. 17. 
134. Eirchner-Neppl* 

1901 « le Balattie ed i goasti delle piante Agnr. p« 571* 
135* Kirlc, !• W. 

1894« Ikmgous diaeasesy i& Bow Zealand Dept* Agr. Bept» 
p. 53-58, fig. 1 
1S6« Eobert^ R« 

1885. Timber die Bestandtheile vaai. Wirnxingen doB UutterlcDme* 
In Ibarai. Contrail. , y. 52» p.^^607; Ber* Deutscb. Chem. 
Oea*, V* 18, III, p. 77; Irdi f« exper* Salhol., ▼• 18, 
P. 316, 1884« 

137^ 

1886. Centralblatt f • Gynokology, no« 20« Brgot ooxnpoaltion. 
138. XtShler, P. 

1907« Beitrage zur Keimtnis der Reproductions imd Regenerations 
Vorgange bei Pilzen tmd der Bedingongen des Absterbens 
Ifyoelialer Zellen von Aspergillus niger, eto« J& Flora 
Oder Allgem. bot. Zeitg« ▼• 97, p. 21&-262« 
139* Kolaczek, E« 
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1847 • Siegle ergots. ^ Proc. Verb. Soo. Phylom. Paris 
p. 90-92 • 

l^?i Liod* J«f Bostrap, 3», and Bavn^ 7# K. 

1913 • Over »l(^td vori.*Iaiidbrugsplarite me s Sygdonwe 1 1912 • 
J^Tldsslce* for Laruibrug. Planteavl*, v. 20, part 
2t p. 249-280. 

159. Lindau In Sngler and Prantl# 

Pflanzenfaan., v. 1, pt. 1, p# 371, fig. 247. 

160. LoniceruSf A« 

1565« Botanicon plantarum historiae cum earundem ad viTom 
artificiose expressis ioonibus, Franoofutti. Gave to 
ergot the name Glavus Sillanls* 
161« Lovesrdo, J. 

1892. Le Maladies cryptogamlqne de c^r^ales, Paris, p. 246-' 

265. A full description of life history and properties 
of ergot. 
162. liudwig, F. 
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1913. Phytopathologischer Bericht der Biologischen Zen- 
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tralBtelle fUr die Furstentuiaer Reuss a X. und 
> .. ' ■ ' ■••..■•'■:.-•. ■ • ■ ; 

Reuss J. 1. liber das Jahr 1913. Grei». IDp. 



163. 



1914. Ibid, 1914, lOp. 
164. Laarssen. 

1879. Handbuch der Systenatischen Botanik, etc. Leipzig, v. 1, 



p. 157*163. A detailed description of e« porpnrea. 
165« lutSt 1. 

'.r V . u. c: ■ . - ;- ^- \: -. 
1904. Botes )(^cologiq[ues« Sur l*ergot du Psanma arenaria t 

, ... • , ^ . Digitized by VjOOQIC 

In Bui. Soc. Mvcol. Pranft«. v. SO. -n. pn-9lp. ^ 






^'. i. 



-1 f 



J . % , e' . V 



I' : L 



•» • I . . ^ 



* '^ .<>. >v 



/ ■. - r 



'^'t' tri''-^ ^;/ • '-''J 



. - f 






<-■•-*. 



c ju .-.IK ..^ 



'r k 



_y-,. ., f i 






,' M 



. .; I 



.,M'.../!' ; ; • J 



Ov 



r. .- f 



*'r 



• * , 



.^-. r 



• ♦ 









. « f 



Digitized by 



Google 



166. iSalicoff, K* 

1905. Die schadlldhsten Insecten inuL Pflaazenlcraiibhelten 

welchB an den KulturpflaxuEen in Bulgarien nahrend des 

Jahres 1906 geahadigt haten. In Zeitschr. f • 

Pflan26zilcraEi<kli., v. 15, p« 52« 

167* ; 

1906« Erater Beitrag txop Kenntniss der Pllzflora Bulgarians • 

In Annalea Ifycologlcl, v« 6, p« 29-06« 

168. liangln, L. A^ 

1910* Hou'velles obsarvatlons sur la callose» In Compt# resd«» 

V. I5I9 p. 279-2e3# Callosey a constituent of ergot* 

169* llassee, G« £• 

1903#. Textboolc of Plant Diseases, etc« London, P# 126» 

170* llo/llplne, D* 

1894. Report on rust in vdieat experixoents, 1892-1893* 
1895 

Dept. of Agr^ Victoria^ 1894-1895. 

171* McCarthy, &• 

1891« Plant diseases and how to conibat them« N* C* 

Agr« £xj>« Sta. Bui* 76, p* 20* 

172« McUeil, J« H.« and PasiDel, L* E* 

1908* The danger from feeding hay that contains ergot « la. 

I 
Agr« Ebcp. Sta. Press Bui. Jan#, 1908, p. 1-8, 3 fig« 

173* Mercier, 1. 

1911. Sor le x^le des insects coxnooe agents de propagation 

de l*ergot des graminees. ^ Coxnpt. rend. hebd. Soc. de 
hiol. Paris, v. 70, p. 300-302. Tw ?ays in ^idt Sciaxa 
Thonfite L« spreads the spores of ergot. 

17tt. Meyen, F. J. B. 

1838* Einige Mittheilungen uher das mutterkom* In MuUer,. -lt -^ 
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Archiv., p# 357-360. 



175. 



1841. Pflanzenpathologie, Berlin, p. 192. First noticed that 
Sphacelia is only an earlier form of C. purpure«k. 

176. Meyer, B. 

Uhtersucbungen vCber die Entwickelung einiger parasitischer 
Pilze bei saprophytisdier Emahrung. Ja Laiiiw. Jahrb. 
V. 47, p. 924# 

177. Miller, A. 

1898. The determination of ergot of ^eat in flour. J^ Rev. 
Intemat. Ealsif., v. 11, no. 3., p. 20. 

178. Mjoen, J. A. 

1896. 2ar wertbestizmoong von Secale coimutum. Jn Apoth. 
Zeitg^ 1896, p. 366. 

179. 

1895. Znr speotroskopischen Zenntnis der Mutterkom Parb. 

stoffe. In Porschnngsber. lebensm* Hyg. v. 2, p. 346. 

180. ITdller, A. 

1901. Ehycomys. land Ascomyc, p. 199-207, tab. 5, fig. 71-73. 

181. MOller, J. 

1895« Gatachten in der Mutterkomfrage. J^ Zeitschr. f . 
NahxomgsxDlttelnnters., Hygiene tmd Wa«^enkunde, 
1895t p. 155-158* 

182. Molliard, M. 

1895. Recherches stir les Cecidies flo rales. J^l Arm. 
Soc. nat. 1895, Sir. 7, p. 67. 
183* Uancbhausen. 

1765. Der Hausvater, Hannover, v. 1, p. 244. First mentions 



ergot as a fungus. 

Digitized by 



Google 



Digitized by 



Google 



m- 



184« Nevetb^Leinalret M« 

1913« Baraaltologie de plant agrioloes. Paris p. 129-333* 
185* Nobbe, S*. 

1904* Ueber Alexasder Hollers Verfahren zur Beixxiguzig dee 
Baatroggens von Uatterkom dxirch Sedixnentatlon* Ii^ 
Iandw« Versudhstat.y v« 60» p. 315-019* 

186. Norton, J« B« S« 

1902. Plant diseases in Maryland in 1902« Jjg^ Rapt. lid. St# 
Hort. Soc#, V* 5, p# 90-99. 

187. Paimaelt L. E« 

1891. Foxigas diseases of love forage plants* Jn Mont&ly 
Beview lovva Mieather and Crop Service » pp» 33* 

188. 

1892. Some diseases of plants ooniDon to lovva cereals, ift 1^^ 
Agr. Exp. Sta. Bui. 18 1 p* 488-S05* 

189. _,_^__ Weems, J. B., laBson-Scribner, ?• 

1901. Che grasses of Iowa. la. Geol. Survey, Bui. 1, p« 189-196. 

190. 

19IJi. Uanoal of Poisonous Plants. 

191. Paulet, J. J. 

1793. Traits des chaxnpignons^ v. Z^ p. 39S, tab. leSt 190, 192. 
A description of ergot under the nams Clavaria secalina and 
Sphaeropus fungorua. 

192. Peters, A. T. 

189e« Anisal diseases. In Neb. Agr* 'Exp. Sta. Bept. 1898, 
pp. X7II-XX7. 
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1899* Report of the animal patholo«Jst. Heb* Agr# Exp. Sta. 
Bopt* 1899, p. 25-.2a, 

194. Petherbridget ?• R# 

1916» Fuiigold azid insect pests of the farm. Cambridge, p. 56-62. 

195. Phoebus, Ph. 

1638. Seutschlands cryptogainisdie Giftgewachse, tab« 9, fig. 3*52* 

196. Plant disease bulletin. Bur. Plant Indus* 1917, p. 15-16, 

1917. 55 and 56. 
197* V. Plenk, j. j. 

1795. Physiologie und Pathologie der Pflanzen, V/ien, p. 130. 

Described ergot as a degeneirated kernel, and noted its 

occurrence on rye and some grasses. 

198. Plowright, C. B. and Wilson, A. S. 

1884* On Barye aurantiaca. In. (jard. Chron., v. 21, p. 176. 
A description of C. V/ilsonii. 

199. P6sch, K. 

Ifycopathologisches aus Ungam. In Zeitschr. f. 
Pflanzenkranlsh., v. 14, p. 158« 

200. Prillieux. 

Malad. pi. agr. Paris, v. 2, p. lOl-lttS, fig* 260-265. 

201. Quekett, 

1841. Observations on the ergot of rye and some other grasses. 
ia Trans. Linn. Soc. loxidon, v. 18, p. 455-471, tab. 33 
fig* 5. 

202. Outlet 9 L. 

1876. Les dianpignones du Jura et des Vosges, t. 33f p* 58 
tab. 4, fig. 4. Cordyceps. 
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203* Banojevic* H« 



1S02. Beitrage mr Fllzflora Serbiens* In Hedvdgia, v. 41, 
p. 102. 



204. 



1906. I Bericht der Abteiltuog fur Pflazizensclmtz der ]s!Snigl» 
serbischen lands .-cheinlschen Versuchatation 
znBelgrad fur die J^thre 19O0-19O5.' La Zeitschr. f. 
Pf langen^raTiKh ♦ t v« 16t p. 209. 



205. 



1910« Zweiter BejLtrag zur Pilzflora Serbiens* In Ann> 
l^ologicit v« 8* p* 356^ 
206« Baspoily F« V. 

1837# Konvaxi system de Hiyslologie vegital et de botanique 

Paris, v* 2, p» 605. Attributed ergot due to the paresence 
of a"vibriontf 
207. Bavn, F. K* 

1907* Overs igt over landbrugsplantemes Sygdoimre i 1906. 

LandbrubetB PAanteavl, v« 14 » Ergot more common on low 
lands. 

2ft8* 

1909* 25 aars jagtagelser over sygdomne hos landbrugsplanteme. 
J[nS:iiUc.cift for landsbrugets planteavl. v. 16« p« 
738-758, 

209, Bebm, H. 

Exotische Asoonyeeten. In Hedwlgla, v. 28, p« 302, 
tab. 7, fig. 14. 

210. Blchont C« 
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211. Ritzema Bos* J. 

1895. Eurze MittelluEgeia*'til>or PflanzenlcraiiKheiten tmd Be- 
BcbSAifpmgen In den Niederlanden Im Jahre 1894* In 
Zeltscbr. f. Pflanzenkranldi.; r. 5t p* 290. 

212. 

1900* Een en ander die verxneende ver^iftl^eid, v&n brand-, 

roast en zwartzwamisen. Tijdsdirift over Pflantnzeikten, 
V. 6, p. 159. 



213* 



1901. Ovorhet ontstaaxn *yan ^Iftstoffen in plantendeelen, 
die door parasitische swaimDen zijn aangetast of door 
andere oozaken zicb niet nozinal knoden ontwikkeln. 

Hygienische Bladen, 1901, no. 1, p. 25. 
214. Rostovvzew, S. J. 

1902. Beitrage zur Keixnong des Ifatterkoms, CI. parpurea Txil. 
tmd CI. microscphala Vj&tll. Berichte des Uoslcauer Landw. 
Inst., V. 3, p. 1-16. Mode of ascospore discharging and 
effect of drying upon viability of ergot sclerotia. 

21ft. Hostrup, F. G. E. 

1893. Oversigt over do i 1892 indlobne Poresporgsler anr- 
qaaende sygdomnoe hos Kulturplanter saint Ueddelelse om 
SygdOBmenes Optz*aeden hos Uarkens Avlsplanter over hele 
landet no« 9, SidsfiOfrigt for LandOkonomi EjtSbenhavn. 

216. Eostrup. P. 

1894. Oversigt over landbrugsplantemes SydgonKie i 1893. 
Sjd sslcrift for Landb. Plant, noi 10. 

217. 

1895. Ibid. 1894, v. 2, no. 11, p. 40-71. 
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218. 

1897. Ibid. 1895, v. 3. 1B96, p. 123-150. 

219. 

1897. tMd. 1896. ▼. 4, 1897, p. 83-104. 

220. 

1898. Ibid. 1897, v. 5, 1898, p. 113-137. 
221, 

1905. Ibid. 1902, ▼. 10, 190^, p. 36L-379. 

ii^. 

1904. Ibid* 1903, V. 11, 1904, p, 395-421. 
223 . 

1896. Danslc PrO^ontrol 1871-96 aamt en kort oversigt over 
Udlaudets FrlHx)nti*ol» 

224* 

1897, Mykololiiske Meddelelser* y. 7. Spredly Jagttagelser 
fra 1895-1896. In Bot. Tjasslcr., v. 21, p. 37-4^9. 

225« Russia, ergot on 170 in. In Gard* Chron. London, v. 43, 1908, 

P7' 232:Phann. Jotir., v* 29, p. 247. 
226. Saccardo. 

Sylloge Fungonon, v. 2, p. 564 and 566. 
227.* Salmon, D. B. 

1884. ESnzootics of ergotism. U. S,. Dept^ Agr. Rept. 1884, 
p. 212-252. 

228. Santessen. 

1902* Slcamdinav. AJTch. f. Shysiologie, v. 13» 

229. Schleiden. 

Physiologie der PfJanzen und fEiere. p. 17*^i,,,,yGoOgle 
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23a. SchOyen, W. M« 



1897. Beretning om slcadeinseiter og Plantesjfgdomne i 1896. 



Kristiania. 
231* 



cte 



1899. Ibid. 1899 • 
232. Schraiak, P. P. 

1789. fiayerishce Flora. Honchent ▼• 2, p. 571. Besoribed 
ergot tinder the naae Clavaria clavtis. 
233 • Schumacher 9 C. F. 

1823. Flora Dan. fosc 33f 1823t p. 9* tab, 1731f fig. 1 (2): 
Sael 2. 174. Description of stroxoatal stage of ergot 
tinder the nane Sphaeria entoisarhiza. 

234. V. Scfliweinitz, I. D. 

1822. Synopsis Fungorum Carolibae superioris. Jn Sdtrif . d. 
Naturf. Ges. zu. Leipsig, v. i, p. 30. 

235. Smith. E. P. 

1889. Prevalence of ergot in 1889. Jour, of Myooilogy, t. 5, p. 203 « 

236. Smith, J. 

1841. Observations on the cause of ergot. Jjj^ Trans. Linn. Soc. 
London, v. 18, p. 449-452. Proceed. Linn. Soc. I9 1849, 
P. 1-2. 

237. Smith, W. 0. 

1884. Diseases of field and garden crops, p. 214-238. 
C. jsgrEorea dud £. Y/ilsonii . 

238. Sol?A, R. P. 

1901. PflanzenlaranWieiten in Italien. Jn Zeitsdir. f 
Pflansenlcranlch., v. 11, p. 231* 
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239* Soraoert ^* 

1874* Matterkom. Handbuch dor PrlanaenkranJdi., p. 361-372. 

Detailed description of history and life history of 

240. 



1696. Bericht uter eine ndt Unterstuzcmg des Kgl. preuss. 
land. MinisterltOBS IhitemozoDene lAnf^mge "betreffs der 
iffi Jahre 1894 durdi Eranldieiten und Feinde in Freussen 
verursachten Entschadigungen. In Zeitschr. f . 
Fflanasenkranlch.y v. 6, p. 223* 



241. 



1908. Fflanx6nkranUtoiten« v. 2f tab. 18# 

242. Speschnefft N. N. 

1896. Haterialien fUr das Studitnn der Flora Ulycologica am 
K^iikasus. Arbeit, d. Bot. Cart, zu Tiflis.» ▼. 1, p.65-76. 

243. 

1897. Ibid. V. 2, p. 199-266. 
244. 

1697. Les parasites vegetaox de la CaUietie. Jj^ Arb. Tiflis 
bot. Gart.t v. 2« p. 115. 

245. SpieGkennannt A. 

1908. Bericht der landwirtschaflichen Versadtittatioa Uttnster 

in V/estfolen. Jg Jahre sber. d. Station* 1908. % 

246. Stager t H. 

1900. Voraufige Mitteilimg nber lajpfversuche mit Grausineen be- 
v/Dfanenden Clavicep8-Arten« J[n Bo tan. Centralbl. 83 1 p« 145. 

247. 

1901. Historischer zur Blologie des mtterkoms. J^ Natiir und 
Offenbar. MUnster, 47. p. 334-338 Digitized by GoOgle 
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248. 



1906* InfelctionBversache ndt Grajniissen be^volmeiiAen Claviceps- 
Arton^ In Botaa. Zeltig.» v. 61, p. 111-158« 



249. 



250. 



1904. Matterkom. In Ifetur u. Offenbar., v. 50, p. 343-346 



1904. Wteitere biologisohe Studien liber das Matterkom 

(Clavioeps parparea). In Hatur. u. Offenbar., v. 50, 
p. 721-735. 



251. 



1905. Weitere Beitjaiag© aur Biologie des Mutterkoms. :fe 
Centralbl. f. Bakt. u. Par. 2 Abt., v. 14, p* 25-32. 



252. 



1907. Neuer Beitrag zur Biologie des Matterkorns. pi 

Centralbl. f . Bakt. li. Par. 2 Abt. 17, p. 773-784* 



2S3. 



♦*♦ 



190e# Zur Biologie des Uutterkoms. Ja Centralbl. f - Bact. 
U. Par. 2 Abt., V 20, p* 272-279 



254. 



Bevveist fur die Entwickeltmgstheorie aus dem Bereich der 
pai^sitischen Pilze. In Hatur. u. Offenbar. 54, p. 32-39. 



255* 



19ia. Ueue Beobachttingen Uber das Iftitterkom. Ja Centralbl. f . 
Bakt. u. Par. 2 Abt., v. 27, p. 67-73* 



256. 



1912. Infectionsversuche ndt uberwlnterten Claviceps-Conidien. 
In Mycol. Centralbl., v. 1, p. 198-201* 
257. Stalker, M. 

1893. 2rgotisjn in cattle. In la. Agr. Exp. Sta. Bui. /17 .^.455-56 • 
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258* ataodlnger. ^ 

leSE* I sis ▼. Qfcen, p. 262* con»idered ergot as a »»trodQot 

eArxer widernaturlicihen GShr-ung in feuchter Wittenmg'** 

259. Starbacac^ K^ 

1695. Qm parasitavaBspar. Uppsala SosoDsrskursema i 
Uppsala 1895, p. 10. 

260. Stevens, W. C« 

1893 • Kotes on soxdb diseases of grasses* J[^ Xhe Kans« 
Univer. Quarterly, v# 1, no* 3. 

261. Stevens, F« L« and Hall, J. G« 

Three interesting species of Claviceps. Jfe Bot. 
Gaz. V. 50, no# 6, p* 460-463f figs. 8; H. 0. Agr. Exp. 
Sta. Rept. 1910, p. 52-55. Description of C. paspoll, 
C. Rolfsii, and C. Iripsaci. 

262. StonDSr, E. 

1908. Die in der Provinx Sachsen in Sonmer 1908 beobacbteten 
Krankheiten an Getreide. Jj^ landw. Wochenschr. f • d. 
Provinz Sachsen 1908, no. 35, p« 306* 

263. Strasburger, B. 

1907. Ueber den Nachweis von Iftitterkom in den Faeces 

Sitzungsber. d. Natnrhistor. Ver. D. Prenss Bhein- 
lande u. Wsstfalens. 1906, 2 Halfte, B., p. 54-55 

264. Sydow, H and P. 

1909, Einige neue resp. beioerlcensverte Pilze aas Sttdafrilca. 
In Arm. Mycologicl, v. 7, p. 546^ C. piri»rea on 
Fennisetuxn. 

265. Tanner, H. 

Jour, of Royal Ag9. Soc. of England, no. 12. 
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266. asarmert, C. 

1875. Ergottnine* In Rep. dd Hiarm., v* 3, no. 23, p.* 708. 



267. 



1875. Sur la presoBoe d*un nouvol alcaloide, l^ergotinine, 
dans le teigle ergots . In Coinpt. rend., p. 81, p. 
896-897; Jotir. de Phann. v. 23* 1876, p. 17-19. 



266. 



1889. Sur un nouveaa principe imciediate de l^Brfeot de eeigle, 
1* ergosterine. In Compt. rend, v. 106, p. 98, Jour, 
de parzD. et de chisde, v. 19, p. 225. 



269.. 



1909. 3ar nne base notnrelle retiee du seigle ergots, 1* 
ergothioneine. In Jour, de Ftaaxm. et de ehiin. 
270 • Eialius, J. 

1588; Silvia hereynioa, sive catalogus plantarum, ete. 

Frantojfurti, p. 47. Gave to ergot the name Seoalis M&ter. 

271. Tavel, P. 

1892. Vergl. Morphologie, p. 83, 3 fig* 

272. Vode, B. J. 

1790. Pongi MechlenlTurgenses selecti. Placed ergot in the 
genus Sclerotium. 

273. Trussow, N. P. 

1912. Pilzkranlsheiten der loiltivierten und wild vaoh8ezid0& 
Pf lanzen ixn Gouvemeinent Tula, nadi BeotecBitungen im 
Jahre 1911. In Jour. f. Pflanzenlcraiddi. v. 6, (Russian). 

274. Tsohemark, E. 

1906. Die Bltih -* und Fruchtbarlieitsverhaltnisse hei Boggen und 
Oerkte ybd das ^uftreten von Uutterloozn. In nUiOlngs 



Landw. Zeitg., v. 55, p. 194-199. ^ ^^ 
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Z96. 

1909. W3itore Beobachtungen uber dla Pruchtterkeits - tmd 
Izifectlonsvertaaltnis^o der Gersten tmd BoggenblUte • 
In Dent. Xf^mdw. Presse, v. 36f no. 14, p. 149-150* 

277. ▼• Tal)eQf, K. 

1895. Pflanzenkrankhelten. Berlin, p. 209-212. 

278. Talasne, L. B. 

1852* On the ergot of rye^ Sclerotiiain clavus IX!. In Aon. 

and Mag, Nat. Hist., 2 ser., v. 9, p# 494-497; Compt. 
rend., v. 33, p. 645-647, 1851. 

279. 



1853« Memoire enr l^Ergot des Gltonaoees* In Ann. See* ITat. 

3 Ser., V. 20, p. S-56. First showed that the strosata 
deyeloping on ergot sclerotla do not belong to an in- 
dependent fungus parasitizing on ergot but that it is 
the asoigBrous stage of the sams fungus* 

280. _^ _^ and Tulasne, C* 

1861. Selecta Fungorum Carpologia, v. 1, p. 144« 

281. Uzel, H. 

1909. Mitteilungen uber Kraaikdieiten und Feinde der 

Zuckerrube in Bohnen im Jahre 1907 und ter xnit derselben 
abwechselnd. kultivierten Pflanzen. j^ Zeitsdir. f/ 
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